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Name and address: (Family name followed by given name: for a legal entity, full official designaiiori. 
The address must include postal code and name of country. The country of the address indicated in this 
Box is the applicant's State (i.e. country) of residence if ho State of residence is indicated below,) 
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State (i.e. country) of residence: 
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State (i.e. country) of residence: 
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□ inventor only (If this checkbox 
is marked, do not fill m below.) 



Stale (i.e. country) of nationality: 
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application is the reccivini* Ofjice (a fee may be required i: 
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the purported international application: 
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5. International Searching Authority - 
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1 1 until search fee is paid 
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I c*('hiiii ;il I ic'hl 

The present invenlion relales lo ;i inelhtHi for lahellini: nmcromolecules with a 
(leteclable marker which is encompassed in a layer ol" carbon. In particular, it relates to a 
mellioci for laiuHling bioloj;ical macromolecuies with such a marker. More particularly, it 
relates to a method for labelling proteins /// vivo with this marker. 

Still more |")articularly, it relates to a method tor detecting tlbrin clots usimi 

radionuclides contained inside a carbon cage, and more particularly, where the radiolabel 
. 99 m 

IS Tc encapsulated inside the carbon in the form of a nano-encapsulate. 

I^ack^round Art 

Currently available methods of labelling macromolecuies, and in particular 
biological macromolecuies may be influenced by the chemistry of tbe detectable 
marker with which it is desired to label the macromolecule. Ideally, the marker 
should have no influence on the macromolecule to be labelled. However, 
subsidiary effects caused by the chemistry of the marker and a macromolecule 
being labelled may cause artifactual results. 

An a|')plication where it is extremely imj^ortant to gain accurate and specific 
labelling is the area of clot detection in pathological states such as deep venous 
thrombosis, thrombophlebitis, and lesions in the vasculature. Morbidity and 
mortality caused by intravenous clots is a major public health issue throughout the 
world. There are several metbcxls of detecting such intravenous clots. For 
example, use is commonly made of two imaging agents which have similar 
capabilities for identifying such clots. Fibrinogen labelled with has been found 
to be nonspecific and cajxtble of giving false positive results. The second such 
radiopharmaceutical is a labelled 3B6 monoclonal antibody. 

Technegas is the subject of a patent wliose original purpose was to perform 
bigh quality diagnostic imaging of airways ol' the lungs for blood clots. This was 
l^rimarily used in conjunction with a liiood How agent for the differential diagnosis 
of blood clots. It is in essence a coating of layers of carbon (varying between two 
and ten atoms in thickness) completely enclosing a minute crystal of '^'^'"Tc metal, 
such that it creates a stable inert hydrophoiiic particle whose overall dimension is 
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RECEIVED I 9 AUG 1997 

1 

Method of Del (cl ion 
Technical Field 

The present invention relates to a method for labelling macromolecules with a 
detectable marker which is encompassed in a layer of carbon. In particular, it relates to 
a method for labelling biological macromolecules with such a marker. More 
particularly, it relates to a method for labelling proteins in vivo with this marker. 

Still more particularly, it relates to a method for detecting fibrin clots using 

radionuclides contained inside a carbon cage, and more particularly, where the 
99m 

radiolabel is Tc encapsulated inside the carbon in the form of a nano-encapsulate. 

Background Ai1 

Currently available methods of labelling macromolecules, and in particular 
biological macromolecules may be influenced by the chemistry of the detectable 
marker with which it is desired to label the macromolecule. Ideally, the marker 
should have no influence on the macromolecule to be labelled. However, 
subsidiary effects caused by the chemistry of the marker and a macromolecule 
being labelled may cause artifactual results. 

An application where it is extremely important to gain accurate and specific 
labelling is the area of clot detection in pathological states such as dee|) venous 
thrombosis, thrombophlebitis, and lesions in the vasculature. Morbidity and 
mortality caused by intravenous clots is a major public health issue throughout 
the world. There are several methods of detecting such intravenous clots. For 
examjile, use is commonly made of two imaging agents which have similar 
capabilities for identifying such clols. Fibrinogen labelled with '"''l has been 
found to be nonsi-jccific and capable of giving false positive results. The second 
such radio|)Iiarmaceu(ical is a labelled 3B6 monoclonal antibody. 

Technegas is (he subject of a patent whose original purpose was to perform 
high quality diagnostic imaging of airways of the lungs for blood clols. This was 
primarily usetl in conjunction with a blood How agent i'ov the differential 
diagnosis of blood clots. It is in essence a coating of layers of carlx^n (varying 
between two and ten atoms in thickness) com|)lelely enclosing a minute crystal of 
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holwcou 5 ;iiul .^Oiiin in ci(>ss-S(.'t l ion ;iiul ;ihoiil 3niii ihiik. The protinilioi) pioccss 
LivaU'S millinns ol llicso |iar!K'k'S siis|K' luk'cl in a carrier iias ol ariion. In (his lorni 
ihcy may be inlialecl direelly and lu^eonie deposited in \hc alveolar spaces of [he 
hniiz. From lliis dislrilniiion, can he civated three-chmensional maps of ihe airways 
via the uannna ray sii^nal generated hy tlie decay of llie Tc from the excited to the 
grcnmd state (''"'Tc — > ''Tc). 

The pcyssihility of usinu the particles in licinid suspension as a " nanocolloid'' 
suilahle (or biological and industrial applications has been investigated. A critical 
phase oT thai work was to fnul the best method of extracting the particles from the 
argon gas directly into a physiological solution such as saline. 

Disclnsure n( (he* liivontion 

It has been surprisingly tbund that nano-encapsulaie entities comprising carbon, 
pariicuhuly those of smaller dimensions, l^ind to macromolecules such as fibrin and 
soluble fibrin, 'fo do tliat. in vivo, the nano-encapsulate entities comprising carbon are 
prepared in an aqueous injectable solution (tyj^ically saline or water) and injected 
intravenously, hi vitro' the nano-encapsulate entities may be formulated with a suitable 
carrier and added to a composition containing the macromolecules. 

The present invention is based on the ability of carbon nano-phase in the form of 
nano-encapsulate entities comprising carbon, to bind to macromolecules and 
simultaneously to be able to enclose a detectable marker. This effectively quarantines the 
marker from its surrounding envircMimeni. The entities are thought to be in the form of 
layers which in turn form particles. 

These entities or particles are distinguished from the standard "Fullerene" derivative 
panicle in that they may contain multiple layers of graphitic carbon; and their method of 
formation is different. Fullerenes are predominantly produced by a carbon arc process at 
low pressure, and the residue iVom the reaction is chemically and physically sorted into 
separate components l\>r analysis or further processing. The subject nano-encapsulate 
particles are formed by a resistive or otherwise controlled thermal graphite heating 
process, ^fhe co-condensation reaction in which the macromolecules are formed seems to 
occur in the boundary region of a stable thermal plasma that has been termed a "ihermo- 
pause". rime, temperature and pressme conditions for the "thermopause" determine the 
size of the nati\e metal crystal and the mnnbcr graphitic layers w hich surround it. 
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^^'"Tc metal, such that it creales a stable inert hyclrophohic particle whose overall 
dimension is between 5 and 30nm in cross-section and about 3nm tliick. The 
production process creates millions of these particles suspended in a carrier gas 
of argon. In this form they may be inhaled directly and become deposited in the 
alveolar spaces of the lung. From this distribution, can be created three- 
dimensional maps of the airways via the gamma ray signal generated by the 
decay of the Tc from the excited to the ground state (^'^""Tc ^"^Tc). 

The possibility of using the particles in liquid suspension as a 
, "nanocolloid'' suitable for biological and industrial applications has been 
investigated. A critical phase of that work was to find the best method of 
extracting the particles from the argon gas directly into a physiological solution 
such as saline. 

nisclosui'c of the Invention 

It has been surprisingly found that nano-encapsulate entities comprising carbon, 
particularly those of smaller dimensions, bind to macromolecules such as fibrin and 
soluble fibrin. To do that, in vivo, the nano-encapsulate entities comprising carbon are 
prepared in an aqueous injectable solution (typically saline or water) and injected 
intravenously. In viu'o tiie nano-encapsulate entities may be tbrnnilaied with a suitable 
carrier and added to a composition containing the macromolecules. 

The present invention is based on the ability of carbon nano-phase in the form of 
nano-encapsulate entities comprising carbon, to bind to macromolecules and 
simultaneously to be able to enckvse a delectable marker. This effectively quarantines 
the marker from its surrounding cn\*i ronmciu. The entities are thought to be in tiie form 
of layers whicii in turn form panicles. 

These entities or particles are distinguished from the standard "Fullerene" 
derivative particle in that they may contain multiple layers of graphitic carbon; and 
their method of formation is different. Fullerenes are predominantly produced by a 
carbon arc process at low pressure, and the residue from the reaction is chemically and 
physically .sorted into separate components for analysis or fiiriher processing. The 
suliject nan()-encaj>sulaie j)ariicles are formed by a resistive ov otherwise ci>ntrolled 
thermal graphite heating process. The co-condensation reaction in which the 
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AccordiiiL: U» one cmhodiiiK iii ol this inwiuion iIk rc is provided a rciiiJLCiU lor use in 
l:ihellin^ a niacronioleeule. eoniprisiiiL' a deleclahle marker eneapsulaled hy a nano- 
cneapsuhue eniiiy eomprisin^ earhon. (ienerally die reagent is capable of binding lo the 
niaeronioleeule. 

The reagent \o\' use in labelling niaeromoleeules, may comprise a detectable marker 
contained in shrink wrapped grapliite around said marker. Typically a composition is 
provided comprising the reagent and a suitable carrier, diluent, excipient and/or adjuvant. 

According lo a second embodiment o\' this in\'ention there is provided a method for 
labelling a macromolecule with a delectable marker, which method comprises contacting 
said macromolecide with the reagent oT the first embodiment whereby tiie reagent binds to 
the macromolecule lo form a reagent; maeromoleciite complex. 

The method for lal^elling a macromolecule with a delectable marker, may comprise 
contacting .said macronK^lecide with a detectable marker which has been shrink wrapped 
in graphite surrounding said marker. 

The method of the second embodiment may further comprise detecting the reagent 
macromolecule complex by delecting ihe delectable marker. 

According lo a third embodiment o\' this invention there is provided a method for 
labelling a biological macromolecule in a patient, which method compri.ses administering 
to the patieiit, an elTective amount of the reagent of the first embodiment. 

The method for labelling a biological macromolecule in a patient, may comprise 
administering to the patient, an effective amoimi of a composition comprising a detectable 
marker, inside shrink wrapped graphite surrtiunding said marker. 

Suitably, the reagetU is administei'ed in the form of an injectable composition 
containing a suitable carrier (e.g. saline. tyi:>ically 0. IN - 2.5N saline, more typically 
0.5N - 2N saline, and more tyiVically ().S-1.2N saline and more typically about IN 
saline). Typically the comi:)Osition contains less than lOOng of delectable marker in the 
carbon. 

The macromolecule to be labelled may be any macromolecide amenable to such 
labelling with carbon, Ty|:>ically. such a macromolecule would be a biological 
macromolecule in an /// vivo or /// si/n setting, A specific example of such a 
macromolecule is a protein, of which a specific example is fibrin. 

The detectable marker may be detectable by radiochemical lechnicjues such as a 
radionuclide, by magnetic resonance inKminu or by visual methods. The detectable marker 
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macromoleciiles are formed seems to occur in the hotinclary rej^ion of a stable thermal 
plasma that has been termed a "thermo-pause'\ Time, temperature and pressure 
conditions for the "thermopause" determine the size of the native metal crystal and the 
number of graphitic layers which surround it. 

According to one embochment of this invention there is provided a reagent for use 
in labelling a macromolecule, comprising a detectable marker encapsulated by a nano- 
encapsulate entity comprising carbon. Generally the reagent is capable of binding to the 
macromolecule. 

The reagent for use in labelling macromolecules, may comprise a detectable 
marker contained in shrink wrapped graphite around said marker: Typically a 
composition is provided comprising the reagent and a suitable carrier, diluent, excipient 
and/or adjuvani. 

According to a .second embodiment of this invention there is provided a method 
for labelling a macromolecule with a delectable marker, which method comprises 
contacting said macromolecule with the reagent of the first embodiment whereby the 
reagent binds to the macromolecule to form a reagent: macromolecule complex. 

The method for labelling a macromolecule with a delectable marker, may 
comprise contacting said macromolecule with a delectable marker which has been 
shrink wrapped in grapliiie surrounding said marker. 

The method ol the second embodiment may further comprise detecting the reagent 
macromolecule complex by delecting the delectable marker. 

According lo a third embodiment of this invention there is provided a method for 
labelling a biological macromolecule in a patient, which method comprises 
administering lo the paiieni, an efleciive amount of the reagent of the first embodiment. 

The method tor labelling a biological macromolecule in a patient, may comprise 
administering to the patient, an effective amount of a composition comprising a 
detectable marker, inside shrink wrapped graphite siu-rounding said marker. 

Suitably, the reagent is administered in the form of an injectable composition 
containing a suitable carrier (e.g. saline, typically 0. I N - 2,5N saline, more typically 
0.5N - 2N saline, and more typically ().S-L2N saline and more typically about IN 
saline). Typically the compo.siiit>n contains less than lOOng of detectable marker in the 
carbcMi. 
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iiKiy ho j^Ikh iiKKLMilical I y or wu rinari I v iKihk' ni" oihcrwisc (c.ii. hiln^niloi v or 

an;ilytic:ill y ;icW|>l;ili!o) tlc|ViulinL' on the inU'iulcd use of l he ivniicni. 

Cicncrally, radionuclides uliieh are irachlionall y used in imaging techniques arc 
suilal^le for use in diis in\'ention. l-\aniples ot suilahle radionuclides arc ''^In wilh a 

half-lile of 2.S days, ^^^(la. *^^*^(la. 1 e. A preJerred rathonuelidc radionuchde is 

99ni.,, 
I e. 

An example of a deteclable marker suilahly \ov use in magnetic resc^nance imaging 
technitiues is (id. 

Examples of markers deteclahic by visual techniques are colloidal compounds which 
exhibit a distincli\'e colour. An example is colloidal gold. 

The deteclable marker is pret'erai^ly in die form of or enclosed in a nano-encapsulate 
carbon eniily or panicle. In |')anicular. it should be of a thickness such that the chemistry 
of the deteclable marker is not manifested in the environment outside of the nano- 
encapsulate comprising carbon. Preferably, the carbon is 2 to 10 layers thick. 

According to another embodiment of this invention there is provided a method of 
forming reagent for use in labelling a macromolecule, comprising a deteclable marker 
encapsulated by a nano-encapsulate entity comprising carbon comprising the steps of: 

(a) depositing a solid form of the deteclable marker onto a carbon crucible: and 

(b) heating the carbon crucible in a sealed container to a temperature in a range so as to 
form the reagent for use in labelling a macromolecule, comprising a detectable marker 
encapsulated by a nano-encapsulate entity comprising carbon, said reagent being capable 
of binding to the macromolecule. 

Generally the method further comprises precipitating the reagent. 

According to another embtnliment of this invention there is provided a method of 
forming reagent for use in labelling a macromolecule. comprising a detectable marker 
encapsidated by a nano-enca|')sulaie entity comprising carbon comprising the steps of: 
depositing a liciuid solution of a detectable marker onto a carb(^n crucible; 
evaporating the licjuid so a solid residue of the delectable marker remains in the crucible; 
and 

heating the carbon crucible in a sealed container to a temperature in a range so as to form 
the reagent for use in labelling a macnnnolecule, comprising a detectable marker 
encapsulated by a nano-encapsulate eniily ct>mprising cari^(Mi, said reagent being capable 
of binding to the macromolecule. 

Cienerally the methoil furtlier comjirises precipitating the reagent. 
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The. inacri>iiu>!ccHilc U) he lahcllcti inay be any inacromolecule amenable to such 
labelling with carbon. Typically, such a macroniolecule would be a biological 
macromolecule in an /// ivw; or /// siftf selling. A specific example of such a 
macromolecule is a protein, of which a specific example is fibrin. 

The delectable marker may be detectable by radiochemical techniques such as a 
radionuclide, by magnetic resonance imaging or by visual methods. The detectable 
marker may be pharmaceuiically or veierinarily acceptable or otherwise (e.g. laboratory 
or analytically acceptable) depending on the intended use of the reagent. 

Generally, radionuclides whicli are traditionally used in imaging techniques are 
suitable for use in this invention: Examples of suitable radionuclides are ' ' 'in with a 

half-life of 2.8 days, ^^Ga, ^^Cia, ^^^^'^Vc. A preferred radionuclide radionuclide is 

99 m^ 
Tc. 

An example of a delectable marker suitably for use in magnetic resonance 
imaging techniques is Gd. 

Examples of markers delectable by visual techniques are colloidal compounds 
which exhibit a distinctive colour. An example is colloidal gold. 

The delectable marker is preferably in tlie form of or enclosed in a nano- 
encapsulate carbon entity or panicle. In particular, it should be of a thickness such that 
the chemistry of the detecial')le marker is not manifested in the environment outside of 
the nano-encapsulate comprising carbon. Preferably, the carbon is 2 to 10 layers thick. 

According to anotiier emln>dimcnt of this invention there is provided a method 
of forming reagent for use in labelling a macromolecule, comprising a detectable 
marker encapsulated by a nano-encapsulate entity comprising carbon comprising the 
steps of: 

(a) depositing a solid form of ihc deleciahle marker onto a carbon crucible; and 

(b) healing the carbon crucible in a sealed container to a temperature in a range so as 
to form the reagent for use in labelling a macromolecule, comprising a detectable 
marker encapsulated by a nano-encapsulale entity comj^rising carbon, said reagent 
being capable of binding to the macromolecule. 

Generally the method furiher comprises precipitating the reagent. 

According to another emlnnlimeni of this invention there is provided a method 
of forming reagent for use in labelling a macromolecule, comprising a delectable 
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Whe'iv iIk' ik'U\t;ihk' \'aM is l\- liciuid sohilitMi ot' tcchnci i ii in is ;i licjiiid S(ihili(Mi 

1)1 sncliitin pci l^^'chiKMalc. 

The invciUii^n iiKliuics iv;ii:oiils when ni;i<k- hy iihtu'c pix>ccsses. 

Cicnci;illy \hc crucible is healed \{) ;i lempeniture in ihc range 2250 - 2^)()()'X' more 

typically 247()-2''K)()''(\ more lypically ahonl 27(KrX'. Tyi^ically ihe erucihle is pulse 

healed al from 0.1 - 5 sees, nnne lypically I - ^ seconds, mc^re lyjiically 2.7 sees. 

Typically ihe carbon crucible is a graphite crucible, more typically a pure graphite 

crucible. Tlie graphite may be pyri>liiic graphite or portius standard graphite, lor example. 

Pyrolitic graphite is preferred. Cienerally the graphite crucible is healed in the presence of 

a substantially pure inert gas atmosphere within the sealed container. Typically the inert 

gas is argt)n. The crucible may be heated in the presence o\ oxygen within the sealed 

container. Typically ihe oxygen conceniratio!i with the sealed chaniber is 5% or less, 

more typically 3% v/v or less and the remainder of ihe gaseous atmosphere is an inert gas 

99 m 

such as argon, typically pure argon. Where ihe tleteclable label is fc the solid lorm 

of technetium is typically sodium i)enec!ineiaie. 

Suitable methods for preparing detectable markers such as radionuclides, 

encapsulated in a nano-encapsulate entity comprising carbon are generally described in 

Australian Patent No. 589 578 (incorporated herein by cross reference). However, unlike 

heating the graphite crucible containing sodium pertechnelaie to any temperature above at 

least 1900 or 2200^C under an inert atmosphere so as to produce Technegas as described 

in Australian Patent No. 589 578 (traces of oxygen of 0.1-3% v/v may be included to 

produce varying concentrations of Pertechnegas) it is important to only heal the graphite 

crucible to a temperature in the range 2250 - 30O0''C, more typically 2475 - 2950''C, 

more lypically 2470 - 29()(rC, and even more lypically about 2700*^C. Generally pulse 

heating (0.5 -3 sees) is use<!, in order iti produce nano-encapsidales comprising carbon 

that will bind \o a macromolecule such as. tor example, fibrin. Healing the graphite 

crucible to a temjierature within a different temperature range may be required for binding 

of the resultant nano-encapsulate to a different macromolecule but this temperature range 

can be readily determined by simple trial and error. In addition, any delectable marker 

99m 

llial can be incorporated under the conditions ol preparation can be substituted tor Tc 
described in All 589 57S. Alternatively, a detectable marker may be left out and the 
nano-encapsulate ct)mprising carbon thus produced is liicn precijiitaled (using an 
eleclroslalic jirecipitator of the type described in All 31778/95 (incorporated herein by 
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marker cncapsuhiteci hy a nano-encapsiilale entity comprising carbon comprising the 
steps of: 

depositing a litjuid solution of a detectable marker onto a carlxin crucible; 

evaporating the liquid so a solid residue of the delectable marker remains in the 

crucible; and 

heating the carbon crucible in a sealed container to a temperature in a range so as to 
form the reagent for use in lal^elling a macromolecule, comprising a detectable marker 
encapsulated by a nano-encapsulale entity comprising carbon, said reagent being 
capable of binding to the macromolecule. 

Generally the method further comprises precipitating the reagent. 

99m 

Where the detectable label is Tc the liquid solution of technetium is a liquid 
solution of sodium pertechnetate. 

The invention includes reagents when made by the above processes. 

Generally the crucible is heated to a temperature in the range 2250 - 2900°C 

more typically 2470-2900^C, more typically about 2700''C. Typically the crucible is 

pulse heated at from 0.1 - 5 sees, more typically 1 - 3 seconds, more typically 2.7 

sees. Typically the carbc^n crucible is a graphite crucible, more typically a pure graphite 

crucible. 11ie graphite may be jiyroliiic graphite or porous standard graphite, for 

example, [\vrolitic grai:>liite is prelerred. Generally the graphite crucible is heated in the 

presence of a substantially pure inert gas atmosphere within the sealed container. 

Typically the inert gas is argon. The crucible may be heated in the presence of oxygen 

within the sealed container. Typically the oxygen concentration with the .sealed chamber 

is 5% or less, more typically 3% v/v or less and the remainder of the gaseous 

atmosphere is an inert gas such as argon, typically pure argon. Where the detectable 
99m 

label is Tc the solid lorm of technetium is typically sodium pertechnetate. 

Suitable methods for jMcparing detectable markers such as radionuclides, 
encapsulated in a nano-encapsulate entity comprising carbon are generally described in 
Australian Patent No. .'>S9 578 (incorporated herein by cross reference). However, 
unlike heating the graphite crucible containing sodium pertechnetate to any temperature 
above at least I9(){) or 22()0"(: under an inert atmosphere so as t(^ prcnluce Technegas as 
described in Australian Patent No. 5S9 57<S (traces of oxygen of 0.1-3% v/v may be 
included to produce varying concentratiiius of I Vrtechnegas) it is important to only heat 
the graphite crucible to a temperature in the range 2250 - 30(Krr. nunc typically 2475 
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cross ivI'civiKc). lor example. (Ik- i\siili;mi piLvipilalc is tlion loriniilalod wilh ;i 

(lesiivi! ciuricr. or ;u!Jiiv;(ni. U)r exiiinplc ;U ;i (k'siivti cc^ncenlnilion (whicii \\'\\\ be 
(Icpciulcni on \hc lmkI use). 

The clecirustatic pivcipilalor may ineliulc a housing defining a duel ihrough whieli a 
gas etMitaining earlMni pariieles jxisses. ihe duel having an inlet and an oullei; an ion 
source past which the gas passes to charge the particles; an elecirodc heiween the inlet and 
the c>utlet and spaced downstream from ihe ion source: means to establish an electric 
potcnnal hetu'cen the ion source and the cieetrtHle; and wherein the electrode is coaled 
with a soluble material to which the panicles are attracted .so as to become deposited 
thereon. An electrode for the electrostatic precipitator, may include a coating of a soluble 
material upon which the particles are dei^osited by being attracted thereto. An alternative 
electrostatic precipitator to collect |xuticles from a gas stream, may includea duct through 
which the gas passes between an inlet ami an outlet; an ion soiu'ce between the inlet and 
the outlet and past which the gas passes to have the particles charged; a reservoir 
containing a liquid past which the gas passes; and means to establish an electric potential 
between the ion source and the reser\'oir so that particles are attracted to the liquid. 
Another alternative electrostatic precipitator, may include a housing defining a duct 
through which a gas containing carbon particles passes, the duct having an inlet and an 
outlet; an ion source projecting into the duct and located between the inlet and the outlet; 
a wall surrounding at least part ot* the duct between the inlet and the outlet; means in the 
duct to receive a liquid; means to enable the establishment of an electric potential between 
the ion source and the liquid; means to cause the liquid to produce droplets to be 
dispersed in the duct; and wherein upon the application of the electric potential, the 
droplets and particles are attracted to the wall. A method of collecting nano-encapsulate 
entities/particles comprising carbon may include the steps of passing a gas stream 
containing the entities/particles, through a chamber, the gas stream including an inert gas 
and air; passing the gas stream past an ion s(Mnx*e within the chamber to charge the 
particles; attracting the particles to an electrode by establishing an electrical potential 
between the ion source and the electrode. The entiles/particles are then removed from the 
electrode and formulated as recpiired. 

The invention includes a reagent for use in labelling macromolecutes. comprising a 
delectable marker cnc;ipsid;itcd by a nano-cnc;ipsid;Ue entity comprising carlion wlien 
made by tlic above process. 
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- 2950"C, more lypically 2470 - 2s)()(rC, and even more typically about 2700°C. 

Generally pulse lieaiing (0.5 -3 sees) is used, in i>r(ler to produce nano-encapsulates 

comprising carbon that will bind to a macromolecule such as, lor example, Hbrin. 

Heating the grapliite crucible to a temperature within a dilTereni temperature range may 

be required for binding of the resultant nano-encapsulate to a different macromolecule 

but this temperature range can be readily determined by simple trial and error. In 

addition, any detectable marker that can be incorporated under the conditions of 

99m 

preparation can be substituted tor Tc described in AU 589 578. Alternatively, a 
detectable marker may be left out and the nano-encapsulate comprising carbon thus 
produced is then preci|)itaied (using an electrostatic precipitator of the type described in 
AU 31778/95 (incorporated herein by cross reference), for example, and the resultant 
precipitate is then formulated with a desired carrier, or adjuvant, for example at a 
desired concentration (which will be dependent on the end use). 

The electrostatic precipitator may include a housing defining a duct through which 
a gas containing carbon particles passes, the duct having an inlet and an outlet; an ion 
source past which the gas passes to charge the particles; an electrode between the inlet 
and the outlet and spaced downstream from the ion source; nieans to establish an 
electric potential between tiie ion source and the electrode; and wherein the electrode is 
coated with a soluble material to wliich the particles are attracted so as to become 
deposited thereon. An electrode for tiie electrostatic precipitator, may include a coating 
of a soluble material upon which the particles are deposited by being attracted thereto. 
An alternative electrostatic precipitator to collect particles from a gas stream, may 
includea duct through which the gas [masses between an inlet and an outlet; an ion source 
between the inlet and the outlet and past which the gas passes to have the particles 
charged; a reservoir containing a liquid past which the gas passes; and means to 
establish an electric ptMential between the ic^n source and the reservoir so that particles 
are attracted to tlie licjuid. Another alternative electrostatic precipitator, may include a 
housing defming a duct through which a gas containing carbon particles passes, the duct 
having an inlet and an outlet; an ion source projecting into the duel and located between 
the inlet and the outlet; a wall surrounding at least part of the duct between the inlet and 
the outlet; means in the duct to receive a licjuid; means to enable the establishment of an 
electric i)otential between the ion source and the licjuid; means to cause the liquid to 
produce droplets to be dispersed in the duct; and wherein upon the application of the 
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In a |iariiciil:ii' application ol ihis inwnlittn. iIk* raclinnnclicic is 'IV cncai^sulalcd 
in 2 \o 20 layers nunv lypically 2 lit 10 layers of carlnni and is nscd in dL'kviing die 
presence of a filirin cU>t in Mie sulV|ecl. 

I'hiis. according to a fourdi enihodinicni ot'lhis inwniion there is provided a niedioil 
for delecling and deiermining die location t>r a fihrin clot in a patient, which nielhod 
comprises administering to the patient a pharmaceutical composition comprising a reageril 
of the i"irsi emhodiment ant! a pliarmaceutically aceeptahle carrier and delecting any 
rcageani: tlhrin complex formed in \'ivo in the patient. 

method Tor detecting and determining {he location of a fibrin clot in a patient, 
may comprise administering to the patient a composition comprising a detectable marker 
ciMitained in shrink wrapped graphite around said marker in a suital^le mediimi. 

It has been I'cnind that addition of a trace of surfactant coaling to the particles 
enhances their bintling elTiciency by up to 10 times. Suitably, the surfactani is C15EO5. 
The concentration o\ this sintactant which enhances the binding efficiency is suitably 
between 0.001% and 0.010% v/v more typically, 0.003% and 0.006% v/v. A further 
surfactant which is suitable is cyclodextrin. 

Thus, according to a t'ifth embodiment of this inveiUion, there is provided a method 
for detecting the pre.sence of fibrin in a composition, which method comprises contacting 
the composition with a reagent o\ the first embodiment and determining whether any 
fibrin: reagent complex is present wherein presence of a fibrin reagent complex is 
indicative that fil^rin is present in the composition and absence of fibrin: reagent complex 
is indicative that fibrin is not present in the composition. 

The fiftii embodiment inay include the step of separating any fibrin:reagent complex 
from the C(^mp(^siiit>n prior to delecting for its presence. 

The applicants have also found tliat nano-encapsulate entities comj^rising carbon by 
themselves, i.e. carbtm nano-encapsulate particles by themselves (i.e. tho.se which do not 
include via encapsulation another entity such as a detectable label), may bind to 
macromolecules (e.g. proteins such as fibrin). 

Thus, according to a sixth embodiment o\' this invetition, diere is provided a method 
for detecting the presence of a macrc^molecule in a source, which method comprises 
contacting the stMuce with a reagent for use in labelling macromolecules, comprising a 
detectable marker cncapsidated by a nano-encapsulate entity ct>mprising carbon, the 
reagent being capable of lorming a complex with the macromolecute ii' present, and 
detecting tor the pivscncc or o^llcr\^isc i»f a macromolcculc: reagent ciunplcx wherein 
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electric potential, the droplets aiul panicles are attracted to the wall. A method of 
colleciiiiy naiio-encapsulaie emiiies/parlicles comprising carbon may include the steps 
of passing a gas stream containing the entities/particles, through a chamber, the gas 
stream including an inert gas and air; passing the gas stream past an ion source within 
the chamber to charge the particles; attracting the particles to an electrode by 
establishing an electrical potential between the ion source and the electrode. The 
entites/particles are then removed from the elecircxle and formulated as required. 

The invention includes a reagent for use in labelling macromolecules, comprising 
a detectable marker encapsulated by a nano-encapsulate entity comprising carbon when 
made by the above process. 

In a particular application of this invention, the radionuclide is ^^*^Vc 
encapsulated in 2 to 20 layers more typically 2 to iO layers of carbon and is used in 
detecting the presence ol a fibrin clot in the subject. 

Thus, according to a fourth embodiment of this invention there is provided a 
method for delecting and determining the location of a fibrin clot in a patient, which 
method comprises administering to the patient a piiarmaceutical composition comprising 
a reagent of the first embodiment and a pharmaceulically acceptable carrier and 
detecting any reageant: fibrin complex formed in vivo in the patient. 

The method for detecting and determining the location of a fibrin clot in a patient, 
may comprise administering to the patient a composition comprising a detectable 
marker contained in shrink wrapped grapiiite around said marker in a suitable medium. 

It has been found that addition of a trace of surfactant coating to the particles 
enhances their binding efficiency by up to 10 limes. Suitably, the surfactant is 
C15EO5. The concentration of this surfactant which enhances tlie binding efficiency is 
suitably between O.OOI';^. and ().()|{)% v/v more typically, 0.003% and 0.006% v/v. A 
further surfactant which is suitable is cyclodexlrin. 

Thus, according to a fifth embotliment of this invention, there is provided a 
method for detecting the presence of fibrin in a composition, which method comi^rises 
contacting the composition with a reagent of itie llrst embodiment and determining 
whether any fibrin: reagent complex is j^resent wherein presence of a fibrin reagent 
complex is indicative that fibrin is present in the composition and absetice of 
fibrin: reagent complex is indicative that llbrin is not present in the composition. 
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prcsL'iKx* i>r ;i iiKn. i ninuk cuk*:iv;iL'\ III c iHnpk x is iiulic;ilivc ih;il ihc iikk roinokxiilc is 
j)ivscnl in iho stuiiw luul ahsi-iKc of in:n. n unok^ uk- iv;ii:cn( c(Mnpk*x is intrK iili\'c lh;il the 
macronioicciik' is iioi pivscni in tlic source. 

The \"\\\h ami sixth cnihoch nienis of ihis inwMilion may suitably cni|^k>yL'(l in 
5 techniques such as chjvstick niethotls. lest stri|) niethotls, ELISA methods, agylulinalitin 
tests usiny hiiex suspensions, ami the hke. These nielhiKis inay make use of aniihoches 
bouiul to the caii^on nano-panick\ lor example. Aliernaiix'ely, in the case of latex, (lip- 
stick methods and test strip methods a macromolecule hindiny. molecule may he attaclied 
to the latex, dip stick or test s[v\p (or other suitable substrate e.g. beads such a glass 

10 bends). Thus \^hen such a latex particle, dip stick ov test strip is dipped into or placed in 
contact will! a composition containing macromolecule: reagent complex it will hind the 
macromolecule portion ot" the complex (as well as any tree macromolecules or other 
macromolecule complexes in the comptisiiion). Tlie latex particle, clip stick or test strip is 
then typieally uasiied so as to remove any unattached components of the composition and 

15 whether and/or the amoimi of complex attached to the latex panicle, di)^ stick or test strip 
determined by detecting ulieiher the detectable label is present (and, if so, the amount 
present if required) on the latex particle, dip stick or test strip. Typically the 
macromolecule binding molecule is an aniilMnly to tlie macromolecule (e.g. antifihrin in 
the case where the macromolecule is fibrin). 

20 The metlitKls of the inxention are not restricted to human patients. Animal 

experiments have proven that this binding to Fibrin occurs in deposits in Deep Vein 
Thrombosis, Pulmc^nary Embolism and malignant Disease (Skin Cancer). The methods of 
the invention can be practised on mammals including a bovine, binnan, ovine, equine, 
caprine, leporine, feline or canine vertebrate. Most often the invention will be practised 

25 on a hiunan patient. The composition would then he a pharmaceutical composition and 
the carrier, ililuent. excipient and/or adjuvant would be pharmaceutically acceptable. 
Where the mammal is not human, the composition would be typically a veterinary 
composition and the carrier, diluent, excipient and/or adjuvant would be veterinarily 
acceptable. However, the methods of the llfth and sixth embodiments of the invention 

30 may he perlormed either in vivo or in vitro (including a reaction in a suitable laboratory 
apparatus such as a test \ubc or iieaker followed by separation of any complex formed and 
detection t'or the presence of complex). 

In this specification and claims the expression "nano-encapsnlate" imjilies that the 
nano-encapsulatc cniilv comprising carbon is at least caj)ahk' of a encapsulating or 



ivr/Au 97/00467 

RECEIVED 1 9 AUG 1997 



8 

The nrili enihoclirncm may include the step of separating any Hbrin: reagent 
coni|)lex Ironi the eoniposiiion prior to ileieeling lor its presence. 

The applicants have also found that nano-encapsulate entities comprising carbon 
by themselves, i.e. carbon nano-encapsulate panicles by themselves (i.e. tho.se which 
do not include via encapsulation another entity such as a detectable label), may bind to 
macromolecules (e.g. proteins such as tlbrin). 

Thus, according to a sixth embodiment of this invention, there is provided a 
method for detecting the presence of a macromolecule in a source, which method 
comprises contacting the source with a reagent for use in labelling macromolecules, 
comprising a detectable marker encapsulated by a nano-encapsulate entity comprising 
carbon, the reagent being capable of forming a complex with the macromolecule if 
present, and detecting for the presence or otherwise of a macromolecule: reagent 
complex wlierein pre.sence of a macromolecule: reagent complex is indicative that the 
macromolecule is present in the source and absence of macromolecule: reagent complex 
is indicative that the macronu)lecule is not present in the .source. 

The fifth and sixth embodiments of this invention may be suitably employed in 
techniques such as dip-stick methods, test strip methods, ELISA methods, agglutination 
tests using latex suspensions, and the like. The.se methods may make u.se of antibodies 
bound to the carbon nano-particle, for example. Alternatively, in the case of latex, dip- 
stick methods and test strip methods a macromolecule binding molecule may be 
attached to the latex, dip slick or test strip (or other suitable substrate e.g. beads such a 
glass beads). Thus when such a latex panicle, dip stick or test strip is dipped into or 
placed in contact with a compt)sition containing macromolecule: reagent complex it will 
bind the macromolecule ponii>n of the complex (as well as any free macromolecules or 
other macrotnoleciMe complexes in the composition). The latex panicle, dip stick or test 
strip is then typically washed so as to remove any unattached components of the 
composition and whether and/or the amount of complex attached to the latex panicle, 
dip stick or lesi strip determined by detecting whether the delectable label is present 
(and, if so, the anu>uni |)rcseni if required) on the latex panicle, dip stick or test strip. 
Typically the macromolecule binding molecule is an antibody to the macromolecule 
(e.g. anti fibrin in the case where the macromolecule is fibrin). 

The methods of the invL-ntion are not restricted to human patieiUs. Animal 
experiments have proveti thai this binding to Filirin occurs in deposits in Deep Vein 
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ciicUvsin^. lypically lii^hily ciK'UtsinL' nr crK';t|)\u lining. ;» dctcclal^tc marker hy the carhon. 
An cx|)lanatii>n for "LMcapsulai ion" is that iIk' phenomenon may he liie resiiU of eo- 
condensalion. Thai is. ihe delectal^le marker ervstaks or hquici ch'oplels or amorj^hons 
cleposils first form and ihen earhon eondenses aronnd dial marker, i he earhon Torms a 
nano-eneapsidale entity so as to eneapsiikiie llie marker to Ibrm the reagent of the lirst 
emhodiment. Where a marker or metal is not recpiired to he encapsiMaied earhon is simply 
prepared so as to t\^rm a nano-eneapsidate entity eom prising earhon. 

Advantageously iIk* patient is a mammal or wriehrale and is a htn'ine, human, ovine, 
equine, caprine. Leporine, feline or canine vertehrate. Advantageously tlie veriehrate is a 
hovine, human, ovine, equine, caprine. Leporine, domestic fowl, feline or canine veriehrate. 

Typically the reagent is formulated as a pharmaceutically acceptahle composition or a 
veterinarily acceptahle composition depending on tis intended use. 

More typically, the mammal is a human and Ihe composition is a pharmaceutically 
acceptahle composition which includes at least one pharmaceutically acceptahle carrier, 
adjuvant and/or excipieni. 

Where, the mammal is an animal the composition is generally veterinarily acceptahle 
composition which includes at least one veterinarily acceptable carrier, adjuvant and/or 
excipient. 

For parenteral administration, the reagent of the first embodiment may be prepared in 
slei*ile aqueous or c>leaginous solution or suspension. Suitable non-toxic parenterally 
acceptable diluents or solvents include water. Ringer's solution, isotonic salt solution, 1,3- 
butanediol, elhanol, propylene glycol or polyethylene glycols in mixtures with water. 
Aqueous solutions or suspensions may further comprise one or more buffering agents. 
Suitable buffering agents include sodium acetate, .scxiiutii citrate, sodium liorate or sodium 
tartrate, for example. 

The (h)sage form of the reagent composition will comprise typically from 0.001% to 
10% by weight of the reagent of the first embodiment, Llsually, dosage forms according to 
the invention will com|-)rise from 0.1% to about 57o by weight of the reagent of the first 
embodiment. 

Compositions of the invention may be prepared by means known in the art for the 
preparation of compcvsiiions (such as in the art of preparing veterinary and pharmaceutical 
compositions) including blending, grinding. . liomogenising, suspending, dissc^lving, 
emulsifying, dispersing and mixing of the reagent o\ the first embcxliment together with the 
apjiropriate excipieni(s). carrier(s). adiu\ant(s) anck\ir diluent(s). 
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Throinhosis, Piilinoiiary FjiilH^lisin and malignant Disease (Skin Cancer). The methods 
o\ the invention can he |)raeiised ow numunals incUuhng a hovine, human, ovine, 
equine, caprine, leporine, feline or canine vertebrate. Most often the invention will be 
practised on a human patient. The composition would then be a pharmaceutical 
composition and the carrier, diluent, excipient and/or adjuvant would be 
pharmaceutically acceptable. Where the mammal is not human, the composition would 
be typically a veterinary composition and the carrier, diluent, excipient and/or adjuvant 
would be veierinarily acceptable. However, the methods of the fifth and sixth 
embodiments of the invention may be performed eitlier in vivo or in vitro (including a 
reaction in a suitable laboratory apparatus such as a test tube or beaker followed by 
separation of any complex formed and detection for the presence of complex). 

In this specification and claims the expression **nano-encapsulate" implies that the 
nano-encapsulaie entity comprising carbon is at least capable of a encapsulating or 
enclosing, typically tightly enclosing or encapsulating a detectable marker by the 
carbon. An explanation for "encapsulation" is that the phenomenon may be the result 
of co-condensation. That is, tlie detectable marker crystals or liquid droplets or 
amorphous deposits llrst form and then carbon condenses around that marker. The 
carbon forms a nano-encapsulate entity so as to encapsulate the niarker to form the 
reagent of the first embodiment. Where a marker or metal is not required to be 
encapsulated carbon is simply prepared so as to form a nano-encapsulate entity 
comprising carbon. 

Advantageously the patient is a mammal or vertebrate and is a bovine, human, 
ovine, equine, caprine. Leporine, feline or canine vertebrate. Advantageously the vertebrate 
is a bovine, human, ovine, equine, caprine, Lepi^rine, domestic fowl, feline or canine 
vertebrate. 

Typically the reagent is formulated as a pharmaceutically acceptable composition or 
a veterinarily acceptal:>le composition depending on tis intended use. 

More ty|>ieally. the mammal is a human and the composition is a pharmaceutically 
acceptable composition which includes at least one pharmaceutically acceptable carrier, 
adjuvant and/or excipient: 

Where, the niammal is an animal the composition is generally veierinarily acceptable 
composition which includes at least one veierinarily acceplal)le carrier, adjuvant and/or 
excipient. 
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In iiKihotls t>l the inwiuion. ilk* ixml^ hi compositions may he admtnislcivcl orally or 
parcmcrally. hy injcclitMi ami i\v irura ark iial iiirnsion. r^vlatly or hy inlialalion spray. 

A siiitahlc mclhod may ci>mprisc- iIk" administration o\ a single dose ov miilliplc 
doses. If nu>re than (Mie type oT reagent is invoked in a method o\ the invention (e.g. there 
may be miilti|)le reagents w ith dilTerent deleelai>le markers) the reagents can he administered at 
the same time or at dilTerent limes (ineliiding seciuentially). 

The administered do.sage of the reagenl(s) can vary and depends on .several factiMs, 
siicli as the ei>ndition, age and si/e of the |)atieni as well as tlie nalme of the macromt^lecule 
and the elTeeiivene.ss oi' the binding o\ liie reagent lo form the macromolecule: reagent 
complex. Dosages or reagent will typically range from 0.0001 mg to 2(X) mg per kg. Usually, 
the dose of the reagent will be from 0.001 mg to lOmg per kg of body weight. 

For oral administration, the pharmaceutical or veterinary composition may be in the 
tbrm of tablets, lozenges, pills, troches, capsules, elixirs, powders, including lyophilised 
powders, solutions, granules, suspensions, emulsions, syrups and tinctures. Slow-release, or 
cielayed-release. U)rms may als(^ be prepared, for exami'>le in the form of coated particles, 
multi-layer tablets or microgianules. 

For parenteral administration, the reageni(s) may be prepared in .sterile aqueous or 
oleaginous solution or suspensitMi. Suitable m^n-toxic parenterally acceptable diluents or 
solvents include water. Ringer's solutio!i. isotonic salt sohition, 5% dextrose in water, 
buffered sodium or ammonium acetate solution. 1 ,3-bulanediol, eihanol, propylene glycol or 
polyethylene glycols in mixim-es with water. Aqueous solutions or suspensions may fuilher 
compri.se one or more buffering agents. Suitable buffering agents include sodium acetate, 
sodium citrate, sodium borate or sodium tartrate, for example. Aqueous .solutions for 
parenteral administration are al.so suitalile for actministration orally or by inhalation. 

Suitably, an inhalatii^n spray comprising an reagent(s) of the first embodiment will be 
in the form of a .solution, suspension or emulsion as exemplified above. The inhalation spray 
composition may further comprise an inh;|lable propellant of low toxicity. Suitable propellants 
include carbon dioxide or nitrous oxide. 

Compositions of the inventit)n may be prepared by means kncnvn in the art for the 
preparation of pharmaceutical comj-jositions including blending, grinding, homogenising, 
suspending, dis.solving, emulsifying, dispersing and mixing of the compound of formula (I) 
together u ith the selected excii>ient(s). carrier(s), adiuvani(s) and/or dihient(s). 

F.xamples of dosage forms in accordance with the invention are as follows: 
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fov parenteral adininisiraiion. tlie reagent of the first embodiment may be prepared 
in sterile aqueous or olea^iinouN st>lutii)n or suspension. Suitable non-toxic parenterally 
acceptable diluents or solvents include water. Ringer's solution, isotonic salt solution, 1,3- 
butanediol, ethanol, propylene glycol or polyethylene glycols in mixtures with water. 
Aqueous .solutions or suspensions may ftirther comprise one or more buffering agents. 
Suitable buffering agents include sodiimi acetate, sodium citrate, .sodiiun borate or sodium 
tartrate, for example. 

The dosage form of the reagent composition will comprise typically from 0.001% 
to 10% by weight of the reagent of the first embodiment. Usually, dosage forms according 
to the invention will comprise from 0. 1 % to abotit 5% by weight of the reagent of the first 
embodiment. 

Compositions of the invention may be prepared by means known in the art for the 
preparation of compositions (such as in tlie art of preparing veterinary and pharmaceutical 
compositions) including blending, grinding, homogenising, suspending, dissolving, 
emulsifying, dispersing and mixing of the reagent of the first embodiment together w'nh the 
appropriate excipieni(s), carrier(s), adjuvant(s) and/or diluent(s). 

In methcxls of tlie invention, the reagent compositions may be administered orally 
or parenterally. e.g. by injection and by inira-arterial infusit^i, rectally or by inhalation 
spray, 

A suitable method may comprise tlie administration of a single do.se or multiple 
doses. If more than one type of reagent is involved in a method of the invention (e.g. there 
may be multiple reagents with different detectable markers) the reagents can be administered 
at the same time or at different limes (including sequentially). 

The administered dirsage of ilie reagent(s) can vary and depends on several factors, 
such as the ct>nctition, age and si/e of the patient as well as the nature of the macromolecule 
and the effectiveness of the binding of the reagent to form the macn^molecule: reagent 
complex. f)tisages or reagent will typically range from 0.0001 mg to 200 mg per kg. 
Usually, the dose of the reagent will be from 0.001 mg to lOmg per kg of body weight. 

For oral administration, the pharmaceutical or veterinary composition may be in 
the form of tablets, lo/enges, pills, troches, ca|)sules. elixirs, powders, including lyojihilised 
powders, .s(^lulions, granules, suspensitiiis. emulsions, syrups and tinctures. SUnv-release, 
or delayed-reiease, forms may also be prepared, lor example in the form of coated particles, 
multi-layer tablets or microgranules. 
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1 • limvlal >k' sdh nioii 

Sodium chli)riclc 
Polassiuin chUn itlc 
Calcium chkiridc 
VValcr tor iujcciioti. c|.s. U) 



0.01 lo 20 mi:.. <icncrally 1 u> lOm^ 
X.5 m^ 

mi: 
4.S my 
10 ml 



illustrative ot* lypically uslhI pharmacvulically or vclerinarily accvpial^lc carriers or 
cliluciiis arc clcmincrali/cd or distilled water; isotonic saline solution. Typically, tlie carrier or 
carriers will form iVtim 90% to 99.0% hy wvijzht of the composition. 

Suilalile hulTering agents include salts oT boric, acetic, phosphoric, citric, malic, 
succinic acids and the like, for examj^le sodium citrate, sodium bicarbonate, sodium acetate 
and sodium phosj^hate. Additionally or allernativelv, the free acids may be used, together 
with an alkali such as sixlium hydri^xitie. stKlium carbonate, sodium bicarbonate, potassiiun 
hydroxide, potassium carbonate or potassium bicarbonate. Typically, the buffering agent or 
agents will form from 0. 1 % to 20% by weight of the composition. 

The following expressions are used in in the l^xamples. 
?C)Fullei1a^\ (Registered Trademark) A nanocolloid suspension (in saline or distilled 
water) of nano-encapsulates which are 2-10 atomic layers of carbon enclosing technetium 
crystal such that it forms a stable inert hydrophobic or hydrophyllic particle whose overall 
dimension is between about 5 and about 30nm in cross-section and about 3nm thick. 
b)Thm/nh()7racc: Fullcridi^ with surfactant. In the Examples, the surfactant is 

I^i ief J)escriprK)n of the Di'iiwings 

Figure 1 is an amoradiograph of a fibrin clot in accordance with Example 12; 
Figure 2 is a schematic representation of the artificial circuit described in Example 

13; 

Figure shows the accumulation ol' radioactivity in the intramural clot in the 
artificial ciixuit of Example 13: 

Figme 4 shows the transmission electron micrography described in Example 14; 

Figme 5 shows imaging of clots in a rabbit ear vein described in Example 17; 

Figme 6 sliows a ck>t caused bv intramuscular injecti(^n of anaesthetic described in 
Example 1 K; 

Figure 7 shows the imaging of a clot in a c;tl feuKMal vein described in Example 19: 
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For parenieral acliriiiiisiraiit>n, the rcageni(s) may be prepared in sterile aqueous or 
oleaginous soluiion or suspension. Suitable non-toxic parcnierally acceptable cliluenls or 
solvents include water, Rini^er*s solution, isotonic salt solution, fi% dextrose in water, 
butTered sodium or ammonium acetate st^lution, 1 ,3-butanediol, eihanol, propylene glycol 
or polyethylene glycols in mixtures with water. Aqueous solutions or suspensions may 
further comprise one or more butYering agents. Suitable butTering agents include sodium 
acetate, sodium citrate, sodium borate or sodium tartrate, for example. Aqueous solutions 
for parenteral administration are also suitable for administration orally or by inhalation. 

Suitably, an inhalation spray comprising an reagent(s) of the first eml^odiment will 
be in the form of a solution: suspension or emulsion as exemplitled al^^ve. The inhalation 
spray composition may funher comprise an inhalable propellant of low toxicity. Suitable 
propellants include cartoon dioxide or nitrous oxide. 

Compositions of the invention may l^e prepared by means known in the art for the 
preparation of pharmaceutical compositions including blending, grinding, homogenising, 
suspending, dissolving, emulsifying. disixM'sing and mixing of the compound of formula (I) 
together with the selected excipieni(s), carrier(s), adiuvant(s) and/or diluent(s). 

Examples of dosage forms in accordance with the invention are as follows: 
1. Injectable solution 

Reagent(s) o\ [he fust embodiment 0.01 to 20 mg, generally 0. 1 to lOmg 

Sodium chloride 8.fi mg 

Potassiiun chloride 3 mg 

Calcium chloride 4.S mg 

Water for injection, q.s. tu 10 ml 

Illustrative of typically used pharmaceulically or veterinarily acceptable carriers or 
diluents are deminerali7xxi i>r distilled water; isotonic saline solution. Typically, the carrier 
or carriers will form from 90% to 99.9% by weight of the composili(Vi. 

Suitable buffering agents include salts of bi^ric, acetic, pht^sphoric, citric, malic, 
succinic acids and the like, for example sodiinn citrate, sodium bicarbonate, sodium acetate 
and S(Hlium phosphate. Atldiiionally or alternatively, the free acids may be used, together 
with an alkali sucli as sodium hydroxide, sodium carbonate, .sodiinn bicarbonate, pota.ssium 
hydroxide, potassium carhonate or pota.ssium bicarbonate. Typically, the iMiffering agent (^r 
agents will form from 0. 1 %* to 20% by weight of the composition. 
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I S shows ihc iMKi^iUL^ ol' a in lahhit |Miliiu^n:irv viiscuLituiv clcscrihcd in 

I-\ani|)k- :(): 

l-iguiv shou's the autoraihoLMapliy uT rahhil lungs wilh pulmonary en-jhoii also 
(IcscrilKHl in l-!xaniplc 21; 

r-iguiv 10 shows ihc lahcllin^ ot* a small lumour in the car llu* rahhil as clcscrihoct 
in Example 2.V and 

Figure 10 shows nano-cncapsulales wilh cotknclal gtilci, 

lUst Mudes aiKi Oilu r MckKs Vuv Cai i yiny the Invention 

it is envisaged dial the hinding of nano-eneapsulales can be used for: 
a) imaging of ciois in bUnul vessels in palienis with deep vein thrombosis (DVT), 
patients with atheromatous occlusions in ihe vasculature and embolisms; 

h) the development of largel specific drugs for ihe dissolulion of blood clots: 

c) the use of technology to develop a bedside measurement of ribrin(ogen) soluble 
n brin: 

d) the deieciion ot" early lumours: and 

e) research lotils lo study cU>ts and diseases like aiherosclerosis. 

The mechanism for formaiion of ("arbon nano-encapsulaies depends on a co- 
condensation of the native metal crystals with the C3 gas thai is present above carbon at 
high temperatures. The reaction is carried out in an inert gas atmosphere, typically 
argon. Thus, the tlnal nano-encapsulaied sized of the particles can be modified by 
varying the rale and duration of the healing cycle. /\t present, repeat short pulses of heat 
for 2.7sec lo temperatures as high as 27O0''C will shrink-wrap particles thai go to the 
lower limit of resolution of electron microsct>pes namely 5nm. T^yrolytic or glassy-carbon 
provides a better yield of activity of Tc from the crucible than the more porous standard 
graphite. This appears to be due to the non-absorption of the ions into the graphite 
matrix. Four lots of 2.7sec healing pulses lo 2700'^C in pyrolytic or glassy-carbon gives 
rise to a much smaller spectrum of particle size distribution than the original heating cycle 
of 25()0"(' ft^r I5sec. The caiinm nano-encapsulates were precipitated on an electrode 
using a precijiitator as described in Airstialian Patent Application No. 31778/95 and 
formulated in saline. The ivagent composition may be then injected into a patient and 
delected in vi\'o so as locate fibrin deposits. 

l^yi^ically the starling material is Tc-OOm as slandard sodiimi iKMtechnetate for injection, 
^rhe Micro- Aerosol Cicncralor (MACJen - USA name ). or carhob nano-encapsidate 
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The folUiwing expivssions are used in in the Examples. 
d.)luillct1ai;\ (Keyisierecl Traileniark) A nanocolloid suspension (in saline or distilled 
water) of nano-encapsulates whieh are 2-10 atomic layers of carbon enclosing 
technetium crystal such that it forms a stable inert hydrophobic or hydrophyllic particle 
whose overall dimension is between about 5 and about 30nm in cross-section and about 
3nm thick. b)TlironihoTrace\ rallcrfui^ with surfactant. In the Examples, the surfactant 
is C16EO6. 

Uriel* nescription oflhe Di'inviiigs 

Figure I is an autoradiograph of a fibrin clot in accordance with Example 12; 
Figure 2 is a scliemalie representation of the artificial circuit described in 
Example 13; 

Figure 3 shows the accumulation of radioactivity in the intramural clot in the 
artificial circuit of Example 13, 

Figure 4 shows the transmission electron micrography described in Example 14; 

Figure 5 shows imaging of clots in a rabbit ear vein described in Example 17; 

Figure 6 shows a cloi caused by intramuscular injection of anaesthetic described 
in Example IS: 

Figure 7 shows the imaging of a clot in a cat femoral vein described in Example 

19; 

Figure S shows the imaging of a clot in rabbit pulmonary vasculature described in 
Example 20; 

Figure shows the auloradiograiiliy of rabbit lungs with pulmonary emboli also 
described in Example 21; 

Figure 10 shows the labelling of a small tumour in the ear of the rabbit as 
descrilied in Example 23: and 

Figure 10 shows nano-encapsulates with colloidal gold. 

Most Modes niul Olhcr Mndts For Carrying the Invenlion 

It is envisaged that tlie binding of nano-encapsidales can be used for: 

a) imaging of clots in liUuul vessels in |)atienls with deep vein thrombosis (DVT), 
patients with alheromaltHis occlusions in the vasculature and emiiolisms; 

b) the development of target specific drugs for the dissolmion of blood clots; 
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i^cneiiiUM' is (.•sNcntiiilly ;i iiiinialurc hii^li k-m|iL-r;ituiv fiiiniicc in which the hcatiiii; cIlmik'iU 
is also the soiiivc oT^raphilc ;uul/or c;iiIumi \ ;ipt)iir \vhich nhiiii;itclv coals the rcchnctimu 
metal. The heating eteineiit is made tVom 100% pure spectroscopic graphite whose 
electrical aiul mechanical speci lications niaich the ret|uirments ot" the machine. It is a 
6mm st|uare section rod ^Omm lon^^. machined to torm a crucible in the centre section 
such that il can hold a licjuid volume ot'O. l4mL. This hollowed and thinned section also 
provides the hiiiii resistive portion ol" the rod which becomes the hottest section when 
electric current is passed tliroui:.h it. The rod is held under spring lensic^n between two 
high ciM*reiil electrodes. The entire assembly is moimted as a ch'awer section sliding into 
the lower chamber of a 6!. vessel, and electrically powered from an automaiic process- 
controller. The crucible is lirst Tilled with lic|uid Siuiium Pertechnetate in normal 
physiological saline, which in most instances contains enough activity [ 260-370MBq or 
7-l()mCi 1 lor a single patient administration. The drauer secticMi is then closed and the 
automatic process lakes over, gently blowing pm-e argon gas over the top of the crucible 
while warming ii \o 7()"C. Th\s is known as the "simmer" cycle, and takes 6 minutes, 
during which lime the liciuid in the crucible dries out and the whole chamber is purged 
with pure argon, replacing all the original air and water vapour. A process controller 
alerts the user that the machine is ready to produce carbon nano-enca]")sulates. Traces of 
oxygen as low as 0,1% may be included up to 3% v/v. At the conclusion of this 
preparation phase, the machine is activated via the control panel "start" button, and the 
crucible temperature rises to 25.^(y'C by resistively healing it with about 4.5kW of power 
within ().75s (four lots of 2.7sec healing pulses to 270()''C in pyrolytic or glassy-carbon 
gives ri.se to a much smaller spectrum of panicle size distribution than the original healing 
cycle of 2.*S5(V'C for I5sec) and holds that value within 5(^0 for 15s through a feedback 
servo from an optical sensor belore switching off. This tills the 6L chamber with gas 
comprising carbiMi nano-encapsulales which encapsidate Tc-99m. The nano-encapsiilate 
entities/particles are collected by passing the gas stream containing the entities/particles, 
through a chamber, the gas stream including an inert gas and air; passing the gas stream 
past an ion source within tlie chamber to charge the particles; altiacting the particles to an 
electrode by establishing an electrical potential between the ion source and the electrode. 
The entiles/panicles are then removed from the electrode and formulated with a carrier as 
recimrcd. The j^rcseni invention will now be described with reference to the hallowing 
examples which should not be construed as limiting on the scope tliereof. 
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c) the use o( technology to develop a bedside iiieasurenieni of ribrin(ogen) soluble 
fi brin; 

d) the detection of early tumours; and 

e) research tools to study clots and diseases like atherosclerosis. 

The mechanism for formation of Carbon nano-encapsulates depends on a co- 
condensation of the native metal crystals with the C3 gas that is present above carbon at 
high temperatures. The reaction is carried out in an inert gas atmosphere, typically 
argon. Thus, the final nano-encapsulated sized of the particles can be modified by 
varying the rate and duration of the heating cycle. At present, repeat short pulses of 
heat for 2.7sec to temperatures as high as 270(rC will shrink-wrap particles that go to 
the lower limit of resolution of electron microscopes namely 5nm. Pyrolytic or glassy- 
carbon provides a better yield of activity of Tc from the crucible than the more porous 
standard graphite. This appears to be due to the non-absorption of the ions into the 
graphite matrix. Four lots of 2.7sec heating pulses to 2700°C in pyrolytic or glassy- 
carbon gives rise to a much smaller sfu-^ctrum of particle size distribution than the 
original heating cycle of 250{rc for 15sec. The carbon nano-encapsulates were 
precipitated on an electrode using a precipiiaK^r as described in Australian Patent 
Application No. 31778/9.^ and formulated in saline. 11ie reagent composition may be 
then injected into a patient and detected in vivo so as locate fibrin deposits. 
Typically the starting material is Tc-99m as standard sodium pertechnetate for injection. 
The Micro-Aerosol Generator (MAGen - USA name }, or carbob nano-encapsulate 
generator is essentially a miniature high temperature furnace in which the heating 
element is also the source of graphite and/or carbon vapour which ultimately coals the 
Technetium metal. I'he heating element is made from 100% pure spectrosco|:tic graphite 
whose electrical and mechanical specifications match the requirments of the machine. It 
is a 6mm square secticMi \\h\ SOmm long, machined to form a crucible in tiie centre 
section such that it can hold a liquid volume of O.UniL. This hollowed and thinned 
section also provides the higii resistive portion of the rod which becomes the hottest 
section when electric current is passed thriMigh it. The rod is held under spring tension 
between two high current electrodes. The entire assembly is mounted as a drawer 
section sliding into the lower chamber of a 01. vessel, and electrically powered from an 
automatic process-controller. The crucible is first filletl with liquid Sodium 
F^ertechnetate in nornud physiological saline, which in most instances ctmtains enough 
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l!\:iiii|)k' 1 

CiirlHHi iKtno-oiKMpsiihiU's |>iv|xuv(t in iiixoidancc willi ihc inolluxis u\ 

Australian Patent No. 5S*^) ,*S7X except itie ^ra|)hile erncihie was suhjeciecl to lour lots ot' 
2.7see tiealin^ pulses lo 27()() (' in pyri>!ylie or ^.hissy-earhon, in order to produce nano- 
5 encapsulates comprising carlH>n that will hind to a niacromolecule such as, for exaniple, 
Hhrin. the disclosure of /\ustrali;!n P;itenl No. SXO S7S is herehy incorporated by 
relerence. 

Ivxample 2 

Carbt^n nano-encajisuiaies were fornuilated into normal saline by precipitating the 
10 carbon nano-enca|'>sulates formed as per P.xample 1 using precipitation apparatus and 
methods of Australian l*ateni Application No. 3I77S/S)5, the di.sclosure of wliicii is hereby 
incorporated by reference and then mixing the desired amount of the carbon nano- 
encaj^sulates wiiii normal saline. 

r.xainple 3 

15 Plasma was mixed with a small alic|uoi o\ nano-encapsulates formulated into saline 

in accordance with Example 2 and ckMied wiiii lU/mL thrombin. After incubation at 
room temperature for 1 hour the plasma clot was crushed using a wooden spatula. A 
gamma counter was used to count radioactivity. Radioactivity was confined to the fibrin 
with less than 3% of the original activity resident in the exudate. 

R\ani|)le 4 

A similar exjieriment using purified fibrinogen was performed to exclude binding to 
other plasma proteins. Again it was shown that only about 3% of the radioactivity was 
resident in the exudate. 

Roth these experiments show that these nano-encapsulates have specific binding 
capacity for fibrin. 

Rxaniple 5 

To ensure that such labelling could not be transferred or leached from clots to whole 
blood or plasma, plasma clots were incubated in whole blood or plasma at 37*^0 for 3 
hours. The radioactivity was conl'ined to the clot with very little escaping to the 
surrounding blood or plasma (0.7% radioactivity in blood and plasma, respectively). 
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activity [ 26()-37()Mlki or 7-l()iiiCi ] for a single j:>aliciu administration. The drawer 
sectit)n is ilicii closed and the autoniaiie process lakes over, jienily blowing pure argon 
gas over the lop o\ the critcihie while warming it to 70°C. This is known as the 
"simmer" cycle, and lakes 6 minutes, dining which time the liquid in the crucible dries 
out and the whole chamber is purged with pure argon, replacing all the original air and 
water vapoiu". A process controller alerts the user that the machine is ready to produce 
carbon nano-encapsulates. Traces of oxygen as low as 0. 1 % may be included up to 3% 
v/v. At tlie conclusion of this preparation phase, the machine is activated via the control 
panel "starl" button, and the crucible temperature rises to 255(rC by resistively heating 
it with ab(nit 4.5kW^ of pcnver within ().7r>s (four lots of 2.7sec heating pulses to 
2700°C in pyrolytic or glassy-carbon gives rise to a much smaller spectrum of particle 
size distribution than the original healing cycle of 255(rC for I5sec) and holds that 
value within 5(rC for L'^s tiirough a feedback servo from an optical sensor before 
switching off. This fills the 6L chamber with gas comprising cari^in nano-encapsulates 
which encapsulate Tc-99m. The nano-enca|:)Sulate entities/particles are collected by 
passing the gas stream containing the entities/particles, through a chamber, the gas 
stream including an inert gas and air: passing the gas stream past an ion source within 
the chamber to charge ihe particles: attracting the panicles to an electrode by 
establishing an electrical potential between the ion source and the electrode. The 
entiles/particles are then removed frt^m the electrode and formutaied with a carrier as 
required. The present invention will now be described with reference to the following 
examples which should not be construed as limiting on the scojie thereof. 

Kxampli; I 

Carbon nano-encapsulalcs were prepared in accordance with the methods of 
Australian Patent No. 57S excejM the graphite crucible was subjected to four lots of 
2.7sec healing piMses to 27()()''C in pyrolytic or glassy-carbon, in order to produce 
nano-encapsulates comprising carbon that will bind to a macromolecule such as, for 
example, fibrin, the disclosure of Australian Patent No. ^^89 578 is hereby incorporated 
by reference. 
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Unl;ilH-lk"<l p!;isin;i clols aiul ch»ls (k-wUijKd fnnn puriUcd ril^riiuigcn soliuioii in 
^lass UiIk's ivs|k*cH\'l'1 y \\\mv ^_*L*iiily |K'riiK'aU'(l wiih n;uu)-cMK';ipsul;Ucs tornuikikxi inio 
saline in acct)alancL* with l-xaniptc 2. TIk' iniiial wasluiul o\ scrum was clcvi>icl ol" 
ra(li(Kkli vii Y as cxpcclctl. I-uiiIkt MKasuivnKMH sliiuwti ihal niDst oi [he nano- 
cncapsulalcs ucrc sivcifically hound lo fibrin. These clols were rcmiivcil from ihc glass 
luhcs and crushed anti carefully washed iliree limes in saline and counted in a gamma- 
counier. Radioactivity was conhned lt> (he clot and harely deteciable in the exudale. 

|-,\ainplc 7 

Tests o\' the efficacy of the fibrin label were performed /// vivo, using the rabbit, 
which is liie standard model for vascular research. This experiment was performed on 
multiple occasions on different animals. One ear was given a small needle stick injury 
and nano-encai^sulaies formuhued into saline in acc(^rdance with Example 2 in ImL 
volume was injected in the other ear. The ralibil w\as anaesthetised for the whole 
procedure and laid on the detector surface of a gamma camera (in this instance a GE 
model 40()T). in the second animal there was a further small vascular injury and bruise in 
the ear on the side of the injection. 

The injury on the ear opposite to the injection site showed an increased uptake on 
the "first pass" of the blood How through the body. In the second rabbit, the injury 
proximal to the injection site labelled much more strongly than that in the other ear, but 
then washed out over a period of twenty minutes. Dynamic analysis showed that the 
initial uptake and the wash-out followed by a renewed uptake slowly with time, occurred 
in both animals at about the same rate. 

Examples S-16 and 22-25 relate to /// wV/v; studies while Examples 17-21 relate to /// 
vivo studies. 

Ivvample 8 
Kiiuliiiy ol* l/infinholrace lo lihrin. 

PrnttK'nl: Fibrin network developed fn^m I mL |:>oolecI human plasma obtained 
from healthy donors (by adding Il.I/mL biuMne thrombin(Parke Davis) and 2,SmMCaCl2 
(final concentration)) was incubated with normal saline (NS) (4mL) containing 
Thromholl'aic ('/'/) (IOOmI--) at 37'''(' for 2 hours using an elliptical rotator. A mixture of 
normal saline and '/'hnt/nhif'/'/t/cc without clot was used as control. CU^ls were then 
crushed with a \\'ooden s|:»alulum and ctMinted using a gamma coimter. Nanocolloid 
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Kxarnpir 2 

C'aihcMi iiitiio-cncapsulaics were rornuikiied inu) normal saline l)y prccipiuuing ihe 
carbon nano-encapsulaies formed as per Example 1 using precipiiaiion apparatus and 
methods of Australian Paieni Application No. 31778/93, the disclosure of which is 
hereby incorporated by reference and then mixing the desired amount of the carbon 
nano-encapsulaies with normal saline. 

Example 3 

Plasma was mixed with a small aliquot of nano-encapsulaies formulated into 
saHne in accordance with Example 2 and clotted with lU/mL thrombin. After 
incubation at room temperature for 1 hour the plasma clot was crushed using a wooden 
spatula. A gamma counter was u.sed to count radioactivity. Radioactivity was confined 
to the fibrin with less than 3% of the original activity resident in the exudate. 

F.xainpio 4 

A similar experiment using purified fibrinogen was performed to exclude binding 
to other plasma proteins. Again it was shown that only about 3% of the radioactivity 
was resident in the exudate. 

Both these ex|")erimenis slunv that these nano-encapsulates have specific binding 
capacity for fibrin. 

Example 5 

To ensure that such labelling could not be transferred or leached from clots to 
whole blood or plasma, plasma clots were incubated in whole blood or plasma at 37°C 
for 3 hours, ^'he radioactivity was confined to the clot with very little escaping to the 
surrounding blood or plasma (0.7% radioactivity in blood and plasma, res|)ecti vely). 

r^xampie 6 

Unlabelled plasma clots and c\o\s developed from purified fibrinogen solution in 
glass tubes respectively were gently permeated with nano-encapsulates formulated into 
saline in accordance with l-xample 2. The initial washout of serum was devoid of 
radioactivity as expected. i-uriher measurement showed that most of the nano- 
encapsulates were specifically bound [o fibrin. These clots were removed from the 
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|)rc|)ar;nii>n ol" ^^^^ rc-Sh2S3 (aniinutny siilphiJc) used lor hdiic iinajziny uas sUidiL-tl as a 
ctiiiirt)]. 



Risuhs: 



1 NS + 77' ( initial count) 


wostH Icpni 


SOt 1 1 NS -f ^^^^'IV -Sh-iS ^ 
(initial eoiinl) 


.^J7S()()ci^ni 


50fiLl NS + 77(post- 
inciihation) 


S74Sl)epni 


SOiil NS+'^'^Tc-Sb2''^3 
(l)ost-inciihation) 


4l5()()0cpni 


5()li 1 NS + 77' H-clot 
(post-incnbalion) 


7?K7()rnin 
' f ^ '\, [/III 


(post-incubation) 




Crushed cU>t on spatulum 
A Her extensive wash in NS 


47S72()cpni 
4574.Vxpni 


Crushed clot on spatuliun 
after 3 washes in NS 
alter 6 washes in NS 


9430cpm 

7790 

3150 



Conclusion: Thei*e is a significant decrease of the hibel (17%) in the incubation 
medium wiili Thro/nhoTnu: whicli accounts tor the high count observed in the crushed 
fibrin clot. There is no significant changes in the activity of incubation medium with 
nanocolloid and there was no significant binchng of ^9y^..<^|;^2S3 to fibrin, after 6 washes 
most of the activity washes away. ^Phis observation suggests a high specificity of 
ThroiuhoTna c for fibrin. 

Rxanjple 9 

Investigation of the si length oT ThronihoTrace hincliiig to filirin. 

Protocol: Thr()n}h(>Tr(U'c {TI^ (^O^t I ) was added to pooled plasma obtained from the 
blood of heahhy donors (5mL). Fibrin networks were developed from 1 mL of this 
labelled plasma (by adding llJ/mi. bovine ilirombin (Parke Davis) and 25mMCaCl2 (Hnal 
concentration)) and allowed to incubate at .^7"C for 30 min. Clots were then crushed with 
wooden spaluhmi, extensively washed uith normal saline and ccninted using a gamma 
counter. Nanocolloid preparation ot* ^''^■^ rc-Sb2S:^ (antimony sulphide) used for bone 
imaging was studied as a control. 



Rtsnlts: 



50nl plasma +77" (initial 


5S7()(kpni 


50nl plasma +9'^Tc- 


l()OI95cpm 


coiini ) 












(initial conni) 
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glass lubes and crushed ;uul carerully washed three times in saline and counted in a 
gamnia-counicr. kadioaclivity was confmed to the clot aiul barely delectable in the 
exudate. 

Rxampio 7 

Tests of the elTicacy of the fibrin label were performed /// vivo^ using the rabbit, 
which is the standard model for vascular research. This experiment was performed on 
multiple occasions on different animals. One ear was given a small needle stick injury 
and nano-encapsulates formulated into saline in accordance with Example 2 in ImL 
volume was injected in the other ear. The rabbit was anaesthetised for the whole 
procedure and laid on the detector surface of a gamma camera (in this instance a GE 
model 400T), In the second animal there was a further small vascular injury and bruise 
in the ear on the side of the injection. 

The injin-y on the ear opposite to the injection site showed an increased uptake on 
the ''first pa.ss^* of the blood How through the body. In the second rabbit, the injury 
proximal to the injection site labelled much more strongly than that in the other ear, but 
then washed out over a period of twenty minutes. Dynamic analysis showed that the 
initial uptake and the wash-out folicnved by a renewed uptake slowly with time, 
occurred in both animals at about the same rate. 

Examples 8-16 and 22-25 relate to /// r/V/v/ studies while Examples 17-21 relate to 
in vivo studies. 

K\;nn|)le 8 
I^iiulin^ of ThronihoTrace In rihriii. 

I*r<»toc()l: Fibrin network develojKxl from I niL pooled human plasma obtained 
from healthy donors (by adding lU/mL bovine lhrombin(Parke Davis) and - 
2^mM(::aCl2 (final concentration)) was incubated with normal saline (NS) (4mL) 
containing Tlironilun'nfcc (TH (lOOpI-) at M"C. for 2 hours using an elliptical rotator. 
A mixture of normal saline ami TlnonihoTn/cr without c\o{ was used as conla^l. Clots 
were then crushed with a wooden s|)aiulmn and coimted using a gamma counter. 
NanocolloicI preparation of ^^^-^ rc-Sb2S3 (antimony sulphide) used for bone imaging was 
studied as a conlrol. 

Resnlls: 
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wn I L A j K 1 ( I S^. 1 I U 1 1 1 ti 1 K 1 

cldl crusllL'd) 


1 (\l )( )i 'Min 
1 I IV J\ /(^ j 1 1 1 1 


cx|>L'lk*(l seM'iini (allLM* 
lUu cnishcti) 




CtusIk*(I clol (Ml s|:»iUulum 


l()2(-.7()()tpiii 


('rushed clol on spatulum 


365()cpm 


^*t*ii^'i^t>ri i*ii\t (\t^ ci^'iiiiiiiiit 

V.-IUMKCI LH'l nil S|)illlUllIM 

iiftcr cxlL-nsivc uiish in 
normal saline 


! V i\ /.I '\ K > n 1 


( rushetl clol on spaUilum 
alter exlensive wash in 
normal saline 


I M M K pm 



CoMchisinn: Fibrin clot relained 07% of ihe iniiial raclioactiviiy of 77' solution 
which was lightly bound. There was no binding of tianocolloid 997c_sb2S-^ to Hbrin. 



Iv\ainple 10 

Studs (d (he \v;ish(>ut of llirouiho'lrdce IVuin clot. 

Protocol: ThromhoTracc (77') (5()pl) was added to pooled plasma obtained from the 
blood of healiiiy donors (5mL). Fibrin networks were developed from 1 mL of this 
labelled plasma (by adding lU/mL bovine thrombin (i'arke Davis) and 25mMCaCl2 (Hnal 
concentration)) and allowed to inculcate at M"C. for 30 min. The clots were incubated 
37''C for 3 hours using an elliptical rotator with 3mL unlabelled whole blood or 3mL 
unlabelled plasma. The radioactivity oT/mcubalion media was measured using a gamma 
counter. 



Rcsiills: 



50m 1 plastna + 77* (iniiial count) 


58700cpm 


50m 1 blood incubated wiih labelled clol 


380cpm 


50m 1 plasma incubated with labelled clol 


450cpm 


Crushed clol on spatulum 


l()26700cpm 



Conclusion: IhronihoTracc was tiglitly bound to fibrin, washout of label into 
surrounding bUM^d or plasma was less lhan 1 %. 



I^\;uni)le 1 I 

Study (d the hindinu ol' Ihrontho'iracc to lihrin under perfusion. 

l*r(»l(K*nl: Fibrin network was developed in ]:>re-etched glass tube from 1 mL 
purified fibrinogen soluliiin (2.5mg/n)L) by adding lU/mL bovine thrombin (i^irke 
Davis) and 25mMCaCl2 (final concentration). The netwcirk was genjiy perfused with 
1.5ml. normal saline containing Ihraniharnnc {IT) (500 I). The radioactivity of expelled 
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50nl N.S + 77 {inili:tl aniiil) 


005()()cpni 


(initial c(Mini) 


397800cpni • 


50nLl N.S + 77(po.si- 
incubaiion) 


87450cpni 


5(Hil NS+99Tc-Sb2.S3 
(post-incubation) 


4 1 5000cpm 


50^1 NS +7V 4-clot 
(post-incubation) 


72S7{)cpm 


5{)mI NS +99Tc-.Sb2S3 +clot 
(post-incnbation) 


408700cpm 


Crushed clot on spatiiliini 
After extensive wasli in NS 

1 


478720cpiii 
457436cpni 


Crushed clot on spatuluni 
after 3 washes in NS 
after 6 washes in NS 


9430cpm 

7790 

3150 



Conclusion: There is a sionificanl decrease of the label (17%) in the incubation 
mecliuin with ThromhoTmc which accounts for the high count observed in the crushed 
fibrin clot. There is no significant changes in the activity of incubation medium with 
nanocolloid and there was no significant binding of 99Tc-Sb2S^ to fibrin, after 6 
washes most of the activity washes away. Hiis observation suggests a high specificity of 
ThromhoTracc for fibrin. 

Invesliyiilioii oniu' slriMiyth of ThmnihoTrace hiiuliny 1o nhriii. 

Protocol: rhronihoTracc (77) (5()m1) was added to pooled plasma obtained from 
the blood of healthy donors (5ml Fibrin networks were develoj^ed from I niL of this 
labelled plasma (by adding Ill/ml., bovine thrombin (Parke Davis) and 2>mMCaCl2 
(final conceniraluMi)) and allowe-d to inculcate at 37"r for 30 min. Clots were then 
crushed with wnuxlen spcUulum, extensively washed witii normal saline and counted 
using a gamma counter. Nanocolloid j)reparation of ^^^^ rc-Sb2S (antimony suljihide) 
used \'ox b(^ne imaging was studied as a control. 

Kesulls: 



SUBSTITUTE SHEET (Rule 26) 
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pcifiisaic iikMsi!i\'tl iisin^j. LMinnui cumikT. ("Uiis wciv ihcn cnishctl with ;i wooden 

spiiUilinn \\;islKHi in normal saline ant! counutl iisin;j a yanima coiintLT. 
Rt'siihs: 



SOfi 1 NS + 77* (initial conn!) 


475()()epni 


50^1 expelled [)errn.sale 


32()()epm 


Crushed eloi on spatulum washed wiih NS 


90l2()()epm 



Coiichisioii: After the perrnsion of normal saiine containing: IhronihoTnu'c through 
fibrin network only 7% of initial radioactivity was delected in the perfusate while crushed 
clot retained considerahle radi(Xicli vity . This observalicMi itulicaies a high aftlniiy of 
T/iromholracr It) purified fihrin. This experimeni was rej^eatecl uilh plasma clots and 
similar results were observed. 

I'xaniple 12 

Study (»r llie specil'ic hiiulini: ul llironihorntce Xu I'ihriii hy aiitui'adiograpliy. 
Protocol: Fibrin network was developed in pre-etched glass tube from 1 mL 
purified tlbrinogen solution (2.5mg/mL) In' adding lU/mL bovine thrombin (Parke 
Davis) and 25mMCaCl2 (final concentration). 'I'he network was gently perfused with 
1.5mL normal saline containing IhranihoTnn c (77^ (50.0 1). The tube was 
autoradiographed with a gamma camera (Fi.^.!). 

Coiu'lnsion: Clots layered with Thront/yoTracr and autoradiographed \\n\h a gamma 
camera revealed extensive binding of material within the first cm of perfusion of the clot. 

Fxample 13 

Study (»!' the hinclin^i of* Ihroniho'nace to lihiMii in dynamic situation using an 
artificial circiiit . 

I*r(»toci>I: The artificial circuit is an adaptaiit^n ol' the Chandler Loop attempting t(^ 
simulate the vascular environment of liie body. This experimental set up allows the 
monitoring of the imaging of clots with the control of the paratnelers of How and 
pressure. 

Fibrin network was developed tVom pooled human plasma obtained from healthy donors 
(by adding lU/mL bovine thrombin (Parke Davis) and 2SmMCaCl2 (final concentiaiion)) 
in a specially designed glass cell with a depressed well to liouse the c\o\. This design 
simulated an iniramural clot with its sm face exposed to the flowing metlium. The clot was 
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50^1 plasma +77' (initial 
count) 


5X7()0cpm 


SOli! plasma 4- ^^y^- 
Sh2S3 

(initial count) 


100l95cpm 


50|.il expellee! serum (after 
clot crushed) 


I60()cpm 


50m 1 expelled serum (after 
clot crushed) 


100500cpm 


Crushed clot on spatulum 


I026700cpm 


Crushed clot on spatulum 


3650cpm 


Crushed clot on spatulum 
after extensive wash in 
normal saline 


1005850cpm 


Cruslied clot on spatulum 
after extensive wash in 
normal saline 


I800cpm 



Conclusion: Fibrin clot retained 97% of the initial radioactivity of TT solution 
which was tightly Ixnmd. There was no binding of nanocolloid 99Tc-Sb7S3 to fibrin. 



Kxaniple 10 

Study (»r llu' M'lishont oT ThrnnihoTrace Troin clot. 

IVolncol: 'fhnf/nlxrrracr (77^ (50m 1) v^'as added to pooled plasma obtained from 
the blood of iiealihy donors (5ml.). Fibrin networks were developed from I mL of this 
labelled plasma (by adding IlI/mL bovine thrombin (Parke Davis) and 25mMCaCl2 
(final concentration)) and allowed to incubate at 37''C for 30 min. The ckils were 
incubated 37'^ for 3 hours using an elliptical rotator with 3mL unlabelled whole blood 
or 3mL unlabelled plasma. The i*adioacli vity of incubation media was measured using a 
gamma counter. 



Resnlls: 



50mI plasma + 77' (initial couni) 


5S7()Ocpm 


50m 1 blood incubated with labelled clot 


3X()c|^m 


50m 1 plasma incubated with labelled cU)l 


45()cpm 
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;ili()uotl u> iiKuhalc ;il .^7*(' lor .^0 tntn. I he cell u';is eonncclcd uilh silicone lithinj; to 
Ihc circuit cunipriscii ot' ;i jvrisKillic piiin|> and tiKinoinclcr (l'iii.2). 

Vhc circiiil wiis filled wiih SOiiil., noriiKil saline ctmiaining 10% pooled human plasma and 
I mi . 77' {2m( i/nd The cell \s idi (. lot was liheti so dial die circuladon mixlure was not 

5 allowed lo accuuiuiale on u^p id" ilie clot and was only irieklinji alon^ ihe surface of die 
clot. A separate hanging cU>l was developed wiiliin a kH>p of copper wire and inir(Hiuced 
into liic circuit so liial the total surface of the clot was exposed to ihe circulating media. 
Images were dynamically recorded using a gamma camera. Data acquisition time was 30 
min. After that the circuhuion mixture was removed, the circuit w^as washed with normal 

10 saline and the image of the clot was accjuired for another 10 minutes. 
Results: 

Fig. 3 shows the image of the cUm after 30 min t>f dynamic lal^elling with ThronihoTracc 
and after the silicone luhes and the clot were washed with normal saline. ^Fhe bright spot 
in the circuit above the clot is that of the hanging clot formed within a small copper wire 
15 \oo\) and simulating small clots found in the bcxiy. 

Conclusion: It is obvious that both clots have been labelled with ThronihoTracc and 
show up clearly. 

Txauiple 14 

Study of the hincling of ThntitihoTrace to I'iiiriu using Transmission Electron 
20 Mici'oscopy. 

Pi'otocol: Fibrin netwt>rks were developed from purified fibrinogen solution or 
plasma containing 77' (by adding lU/mL btndne thrombin (Parke Davis) and 10mMCaCl2 
(final concentration)). They were primary fixed in 2.5% glularaldehyde and postfixed in 
2% osmium te'iroxide. They were then stained en block with 2% uranyl acetate, washed in 

25 distitlecl water, dehydrated and embeddetl in .Spurr resin. The samples were cut on a 
Reichert-.lung Ultracut. stained with Ueinold's lead citrate slain and micrographs taken on 
Philips CM 10 TRM. Negative stained fii^rin clots with 7T were prepared on carbon grids 
preliminarily treated with gUnv discharge. The grids were washed in distilled water, dried 
and stained in 1% sodium phosphoiungstate. They were tlien brietly washed and dried. 

30 Subsequently, micriigra|')hs were taken on a Philips 301 TEM. 

Kcsulls and Conclusions: l-^ig.4 shows transmission electron micrography which 
reveals particles adhering to fibrin along fibres and specifically bound to dark bands of 
negatively stained fibrin thus denoting a specific binding site for particles. 
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Crushed cloi on spaliiimn 



I026700cpm 



Conclusion: ThroiiihoTracc was liglitly bouiul to fihrin, washout of label into 
surrouiuiing hlood or plasma was less than I %. 



I^\ain|)le 1 I 

Slncly ol llu* hiiulinjLt n(* IhmnihuTrace to rihrin iiiuler pc»rriision. 

IVotocol: Fibrin network was developed in pre-etched glass tube from I mL 
purified fibrinogen solution (2.5mg/mL) by adding lU/mL bovine thrombin (F'arke 
Davis) and 25mMCaCl2 (final concentration). The network was gently perfused with 
1.5mL normal saline containing TlironihoTracc (TT) (50m 1). The radioactivity of 
expelled perfusate was measured using gamma counter. Clots were then crushed with a 
wooden spaiulum washed in normal saline and counted usine a iiamma counter. 



Resiills: 



50|.il NS + 77' (initial count) 


475n0cpni 


50(.il exjielled perfusate 


3200cpni 


Crushed clot on spntuhini washed witli NS 


99 1 200cpm 



CoiK-hision: Alter the j)erfusion of normal saline containing ThroinhoTracc 
through fibrin network only 7% of initial radioactivity vvas detected in the perfusate 
while crushed cloi retained considerable radioactivity. This observation indicates a high 
affinity o\' T/ironiho'/'n/cc to purified llbrin. This experiment was repeated with plasma 
clots and similar results were observed. 

ILxample 12 

Study of \hv spccilK- hindin<; ThrnmhoTrace to fihrin hy iuM oradiogniphy. 

PiM>tocol: i-ibrin network was developed in pre-etched glass tube from I mL 
purified filirinogen solution (2.r;mg/ml.) by adding lU/mL bovine thrombin (Parke 
Davis) and 2.SmMrari2 (final concentration). The network was gently perfu.sed with 
L5mL normal saline containing ThmnihoTnirc (77) (/^Opl). The tube was 
autoradiographed with a gamma camera (I'i;;.!). 



sTTHSTTTTTTE SHEET <Tlule 26^ 



PCT/AU 97/ 00467 

!,\:iin|)li' 15 

SIikIv oI llu' hiiuliiii; ol* Ih roniho Truce td lihi in rnoiHilMVcr iisiiiii inici'ow i ll 
l('chni(|iK'. 

I*i-<i|nr(tl: WL'll l'V(' plaicN wciv cuaiL'd \Mih o\w o\ ihc lollou ing; 1»HS. solulion 
(if l>o\ inc scniin ;ilhiiinin (BSA)/1MVS, D-iliiiicr. soluhic rihrin, lihrln. The coiKcnlniiioii 
(>r prcucins cliivclly eo;tlin^ \\ l I1s was I Oinj/inl irprolcins were raised from i!ic surface 
hy iisiHLi 41)2/1X2 iminocinnal anlihoUy speeirie U) rihrin(cigen) (ACiEN) (KHig/inL), the 
concentration of proteins was l()()fig/ml.. Wells were washed 3 limes with PBS/BSA 
bulTer in between application ol" proteins or 77'. IMales were incubated with 77' at M^'C 
lor 30 min. Plates were washed with PMS/MSA bulTer and each well was counted using a 
gamina-coimier. 



Results: 



Protein 


% binding of 77" compared to BSA-ireated wells 


Fibrinogen 


3S 


Plasma + thrombin 


ill 


D-dimer 


0 


Fibrin 


179 


Soluble Fibrin 


189 



Conclusions: ThromhoTracc binds with high atTinity to Hbrin monolayer and 
soluble tlbrin. This alYinity is not inlluenced by albumin or fibrinogen. In separate 
experiments it has been demonstrated that increasing the amount of fibrinogen does not 
inhibit the binding of 77' to fibrin. ThronihoTnu c does not bind to D-dimer or albumin. 



I^xaniplc 16 

Study of the enVct of surlaclant (C\{^VA)(^) on Iho binding of* ThromhnTrace to 
ril)rin. 

I*i'olocol: The studies have been performed using multiwell technique (Example 
15). 77' solution was prepared with different concentration of sin-factant. 
Rcsuhs: 



Concenlraiion ol" the siiiraclanl (%) 


'/'i: binding of 7T conijxircd to 0 
concent rat i(Mi of the surfactant 


0.0015 


140 


0.00.^ 


:5s 
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Coiu'lnsioii: Clots layered with ThroDihoTracc and auloradiograplied with a 
gamma camera re\'ealed extensive binding of material within the first cm of perfusion 
of the clot. 

Kxainple 13 

Study of the binding of TlirotnboTrace to fibrin in dynannc sitnntion using an 
aiiif'icial ciixnit. 

Protocol: The artificial circuit is an adaptation of the Ciiandler Loop attempting 
to simulate the vascular environment of the body. This experimental set up allows the 
monitoring of the imaging of clots with the control of the parameters of (low and 
pressure. 

Fibrin network was developed from pooled human plasma obtained from healthy donors 
(by adding lU/mL bovine thrombin (Parke Davis) and 25mMCaCl2 (final 
concentration)) in a specially designed glass cell with a depressed well to house the clot. 
This design simulated an intramural clot with its surface exposed to the flowing 
medium. The clot was alk)\ved to incubate at M^'C for 30 min. The cell was connected 
with silicone tubing to the circuit comprised of a peristaltic pump and manometer 
(Fig,2). 

The circuit was filled with 50mL normal saline containing 10% pooled human plasma 
and 1 mL 7T(2mCi/mL). The cell with clot was tilted so tlial the circulation mixture 
was not allowed to accimiulale on top o\' the clot and was only trickling along the 
surface of the clot. A separate hanging clot was developed within a loop of copper wire 
and introduced into the circuit so that the total surface of the clot was exposed to the 
circulating media, images were dynamically recorded using a gamma camera. Data 
acquisition time was 30 min. After that the circulation mixture was removed, the circuit 
was washed with normal saline and the image of the clot was acquired for another 10 
minutes. 

Rosnlls: 

Fig. 3 shovv's the inuige of the eh)l after 30 min ol' dynamic labelling with 
Throniholrniv and after the silicone lubes and the clot were washed with normal saline. 
The brigiit spot in the circuit above the clot is that of the hanging clot formed within a 
small copper wire \oo\) and simulating small clots foimd in the binly. 
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0.01 :s 




0.025 


133 


0.05 





CoiK-ltisions: Miiuling is cnhancod wwh ('iCil-()fv Nhiximal biiKlin^ i.s (observed ;U ihc 
conccntralicin of 0.003%. 

The /// 17 cxpcriincni.s dcscribcci Ik'Idw wxiv Larrit.-(1 ou\ on rabbits and a cat adlicring lo 
standard anaoslhctisiny procedure aecortlin^ to the guidehnes prcn^ided by ihc Ausiraiian 
National Health and Medical Research Clonncil, All animals were injected with I mL 
Tfifff/ifhoTnu c {2\^^C^/\^^L). AcquisititMi time for all images was 60 min. 



I'.\;iinpl(* 17 
Iinaiiinj^ ol* clols in i'al)hit ear vein. 
Two needlestick injuries with 20Ci needles were made in the right ear and one in the 
contralateral ear. ThrofjjhoTracc was injected into the ear vein of the right ear. As shown 
in Figui'e 5 bcMh right ear and ctmiralateral ear injuries have been labelled with 
ThronihoTrcK'c. 

Ivxaiuple IS 

Clot caused hy inti*ainiisciilar injectinn ol anatsllietic. 

Fig 6 shows a clot caused by intramu.scular injection of anaesthetic in the left thigh. 
ThrofiihoTracc was injected into the ear vein. This photograph is representative of 
imaging done both one hour after the injection and 24 hours post injury. 

Kxainpie 19 
Imaging nf cint in ca( ri'ru(»r;il N cin. 

Needlestick injury was made in the femt)ral vein of a cat. 77//v;//;/)o7VY/cr was introduced 
near the site of injury after one h(nn-. The labelled clot is clearly visible in the Figure 7. 
Further along the site of injury is a set of four bright spots. It is suspected that these were 
clots formed by previous injury to the animal. Il was not possible to confirm this Unding. 

I'lxaniple 20 

InKi^in^ uf* c'IdI in rabbit pnlinniiury vasrnlal n r'c. 
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Coiu-lMsi(»n: Ii is ohvioiis iliat hoih clots have been labelled with ThromhoTracc 
and show up clearly. 

Ivxaiiipic 14 

Study oT the hiiulint: of 'fhrofnhoTracc to lihrin usiny Ti';insnns.sioii Electron 
Mici'oscopy. 

Protocol: Fibrin neiworks were developed tVoni purified fibrinogen solution or 
plasma coniaining 77' (by adding lU/mL bovine thrombin (Parke Davis) and 
10mMCaCl2 (Unal concentration)). They were primary fixed in 2.5% glutaraldehyde 
and posttlxed in 2% osmium tetroxide. They were then stained en block with 2% uranyl 
acetate, washed in distilled water, dehydrated and embedded in Spurr resin. The 
samples were cut on a Reichcri-Jung UUracui, stained with Reinold's lead citrate stain 
and micrographs taken on Philips CM 10 TEM. Negative stained fibrin clots with 7T 
were prepared on carbon grids preliminarily treated with glow discharge. The grids 
were washed in ciisiilled water, (hied and stained in 1% sodium phosphotungstate. They 
were then briefly washed and dried. Subsequently, micrographs were taken on a Philips 
301 TEM. 

Results and Conclusions: l'''ig.4 shows transmission electron micrography which 
reveals panicles adhering to fibrin along tibres and specifically bound to dark liands of 
negatively stained fibrin thus denoting a specific binding site for particles. 

Illxaruple 15 

Study of* the hindini: of TltronihoTrace to lihrin monolayer using inicrowell 
techni(|ne. 

Protocol: 96 well PVC plates were coated with one of the following: PBS, 
solution of bovine serum albumin (RSA)/P11S. D-dimer, soluble fibrin, fibrin. The 
concentration of proteins directly coating wells was lOpg/mL. If proteins were raised 
from the surface by using 41)2/182 monoclonal antibody specific to flbrin(ogen) 
(AGEN) (lOug/mL), the concentration of proteins was l(X)pg/mL. Wells were washed 
3 times with PHS/MSA buffer in iKiwcen application of proteins ov IT. Plates were 
incubated with Wat 37'C \ov M) min. Plates were washed witii PMS/I^SA buffer and 
each well was counted using a ganuna-couhier. 

Kesulls: 
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lliinKin hUu»J cloi \\;»n JcvcUipcil iiiHmiul ;i culluii ilitv;ul in ;i polymvllKtnc liibc 
((li;inK'tor — 3niin) u^illi lU/inl. llirmnhin ;iiul M )in M( ' 1 2 . Atlcr wasliiiiii wilh nornuil 
saline a Imtn length cIdI was intrtuiitccd ihrongh a 16 or ISCl caiheicr inio the Jugular vein 
ot" a rahhii. At'ier 10 min riimnilu^rrin c was inirotlucetl llirough the catheter or llirough 
the central ear artery. The results are shown in Tigure S. Classic wedging ilenoting 
depletion t)t' vascular supi^ty was seen in all cases. 

Mxaiuple 21 

Auturadidjiraphy ol rahhii hiiij^s with piihnuiiary emboli. 

l^ungs were removed from tlie rib cage and autoradiograplied to match images of clots 
obtained /// vivo. The inti"oduced hmnan clot with cottiin thread was then idenliHed in the 
lung on post mortem and ccnilirmed by two other witnesses and agreed tliat images 
(M^tained during the /// viva acciuisition were in Tact the introduced human blood clot. The 
results are shown in Fii!ure 0. 

Kxainple 22 
Specif'icilx ol" particles lor e(|uine ril)rin. 

/// v77/v> experiments using plasma clots developed from equine blood also shows similar 
specificity of particles t"or equine fibrin. Studies utilised methods as described in Example 
9. No significant difference w^as t'ound between the binding characteristics of 7T to horse 
fibrin and human fibrin. 

I^xaniple 23 

Biiuling lo tuinoiir.s. 

Fig 10. shows the labelling of a small tumour on the ear of a rabbit. The 
experiment was performed as described in Fxample 7. Studies show that tumours on 
rabbit ear can be labelled using Throinha Trace, and the carbon nano-encapsulates may 
thus be used in labelling tumours and cancers which have a fibrin sheath. 

F.xainple 24 

l^one Scan. 

Bone breakages are followed by a deposition of fibrin. In particular, hairline fractures are 
often difficult to distinguish and diagnose. The propensity of the carbon nano- 
encapsulates to biml to fibrin proxidcs antwher aj)plication as a label for bone fractures 
and I here f(»re a frt>ntline bone scan. 
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Protein 


% binding of 77* compared to BSA-treaied wells 


Fibrinogen 




Plasma 4- thrombin 


177 


D-clinier 


0 


Fibrin 


179 


Soluble Fibrin 


189 



Conclusions: ThronihoTrdcc binds with high affinity to fibrin monolayer and 
soluble fibrin. This afUnity is not influenced by albumin or fibrinogen. In separate 
experiments it has been demonstrated that increasing the amount of fibrinogen does not 
inhibit the binding of 77" to fibrin. ThronihoTracc does not bind to D-dimer or albumin. 



I'-xninple 16 

Study ol lhe elTect orsurnictant (Ci^FO^) on the l)inding of ThrninhoTrace to 
fibrin. 

Protni-ul: The studies have been performed using multiwell technique (Example 
15). TTsolulion was prepared with different concentration of surfactant. 
Resnlls: 



Concentration of the smiactani (%) 


% binding of 77" compared to 0 
concentration of the .surfactant 


0.0015 


140 


0.003 


2.5 S 


0.0062.^ 


194 


0.0125 


1()S 
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Hindin^ In snliihlc lihriii. 

High iilTinity liinding of J'/nnniho'/'nur U) suliihic lihrin can he used as a hasis lor a 
diagnoslic icsi Tor sohihle tlhrin which is !vpi>iicdly a marker lor cardiovascular disease 
and cancer ainmiL' oMu i (hsca^c^. cl- I'acdhacka c/ (//. { h»4 a cK: 1904 1^). (iinsherg cf nL 
(199S). (iinsherg a oL (1^)96). Ivvrseii ci nL (h>)S), Nakagawa a (iL (1994), Shaukal ci 
al. (1995). lixjieriinenial data sel out in l-xamplc 15 denionsiraies die hinding of 
Thnf}}}hi>rrin c to sohihle fihrin. 

I\\ainplt' 26 
Diagnostic ki! lor suhihic lihrin. 

Soluble lihrin htnuitl particles are isolated and a suitable monoclonal antibody specific for 
soluble Hhrin is attached to the soluble filMin. An ELISA assay is then developed to 
specitlcally detect the quantity of the soluble fibrin in plasma. 

Colloidal gold may be incorporated inu) these particles in order to strengthen the 
integrity of particles and increase the mass, thus increasing the sensitivity of the 
immunogold assay. 

The affinity of the particles to sohible filirin can then be used to detect the quantity 
of .soluble fibrin again by utihsing ihe immimogold type technique. Alternatively, it may 
be possible that the aggregation of particles caused when they bind to soluble fibrin may 
be used as ilie mediod of detection as these particles may exhibit a subtle colour change 
because of liie aggregation or difference in light scattering. 

Rxanipio 27 

Tnryclinii Spccilic Dnius. 

A novel use for the nano-pariicles is the coupling of anticoagulant drugs or clot specific 
drugs to the carbon shell, This can be established by the functionalisation of the carbon 
by amination or hydroxylation. ^fhese procedmes will be accomplished using a 
radiofrequency plasma field. Once functionalised these particles will then be coupled to 
drug molecides using commercially available kits. In fact one anlic(\agidani already 
available is biiitinylated heparin which can ilien be coupled to the carbon shell. 

Coupling tt> a drug is followed by slripwell tests to ensure binding to fibrin is not 
disrupted. These tests also show the elTccti\eness of these drugs when bcMind to the 
carbon. These coupk'd particles are then injected into an animal. The first injections are 
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0.025 




0.03 


139 



Conclusions: Binding is enhanced with C\(^Rq(^. Maximal binding is ohserved at the 
concentration of 0.003%. 

The /// ivw; experiments described below were carried out on rabbits and a cat adhering 
to standard anaesthetising procedure accorchng to the guidelines provided by the 
Australian National Health and Medical Research Council. All animals were injected 
with 1 mL ThroiuhoTnicc (2mCi/mL). Acquisition time for all images was 60 min. 



ILxjinipIc 17 
Imaging t)l clots in rabbit ear vein. 

Two needlesiick injuries wiili 20G needles were made in the right ear and one in the 
contralateral ear. T/tront/yoTnnr was injecied into the ear vein of tlie right ear. As 
shown in Figure 5 both right ear and contralateral ear injuries have been labelled with 
ThromhoTn/cc. 

Kxaniple IcS 

Clot caused hv inl i jnniiscular injeclion of anaosllu't ic. 

Fig 6 shows a clot caused by intramuscular injection of anaesthetic in the left thigh. 
Throniholracc was injected inU) the ear vein, ^riiis photograph is re|)resentative of 
imaging d(^ne both t)ne hour after the injection and 24 hours post injury. 

I*l\aniple 19 
Iniagiu*: of clot in cat IVnu>ral vein. 

Needlestick injury was made in the femoral vein i>f a cat. '/'/in^nfhol'n/cc was 
introduced near the site of injury after one hour. The labelled clot is clearly visible in 
the Figure 7. Further al(»ng ihe site of injury is a set of fdur bright spots. It is suspected 
that these were clots formed by previt)us injury to the animal. It was not |)ossible to 
conHrm this finding. 
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uilh raclicKictivc U\hnitiitin leased iKtHKlcs which ciuihk'S tIcUx-tion and fitrUKT ticscrihcs 
\hc kiiK'lics (tf ilissohitinn nt' \\w clttts. M" pat in.- 1 (.-s atv Lcniplctl with tissue phisininoi^cn 
activator lor example, this indicates a rapid disst>luli(>n ol' die clot. If the particles are 
hej^arin coupled these experiments \^ ill proviile ample evidence that the heparin is in fact 
dcli\erecl [o the site it is retpiired. riits is one major disadvantage of hcjXirin usage at the 
moment. 

Indnsl vh\\ Applicahilily 

It should he clear that the methods oftleleclion ot lliis invention will I'ind 
wide use in the medical and veterinary fields. 

^rhe foregoing descrihes only some emhodiments of the present invention and 
modifications obvious to tlK>se skilled in the art can be made thereto without departing 
from the .scc^pe of the invention. 
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Kxninpli' 20 

iMKijLiin^ nf*clo( in l ahhil pnlinoniirv v;is(iil:»liire. 
Hiiinan hlood clot was developed around a cotton thread in a polyiireihane tiil^e 
(dianieter = 3nini) with lU/mL ihronibin and lOmMCaCH. After washing with normal 
5 saline a Inini length ck>i was introduced through a 16 or l8Ci cailieter into the jugular 
vein of a rabbit. After 10 niin lluonihoTracc was introduced through the catheter or 
through the central ear artery. The results are shown in Figure 8. Classic wed^in^^ 
denoting depletion of vascular supply was seen in all cases. 

I^xnniplo 21 

10 AiitoradiojLirapliy of rnhhil hmgs with piihnnnai y emboli. 

Lungs were removed from tiie \ \b cage and autoratliographed to match images of clots 
obtained /// vivo. The introduced human cloi with cotton thread was then identified in 
the lung on post mortem and confirmed by two other witnes.ses and agreed that images 
obtained during tiie in vivo acquisition were in fact the introduced human blood clot. 
15 The results are shown in Figure 0. 

Iixample 22 
Specificity ol* particlivs loi* e(|uine l'il)rin. 

In vino experiments using plasma clots developed from equine blood also shows similar 
specificity of particles \\n equine llbrin. Studies utilised methods as described in 
20 Example 9, No significant difference was found between the binding characteristics of 
7T to horse fibrin and human tibrin. 

Ivvainple 23 

Biiulin<: lo (lunoiiis. 

Fig 10. shows the labelling of a small tumour on the ear of a rabbit. The 
25 experiment was performed as described in F:xample 7. Studies show that tumours on 
rabbit ear can be labelled using 'rhronifyoTntcc^ and the carbon nano-encapsulaies may 
thus be uscil in labelling tumours and cancers which have a fibrin sheath. 

IvMiniple 24 

Kone Scan. 
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1. .A rciiL'LiU Um' ws^' in hiiK'llinL' in:KHMiuil(.\iik's. ci>inprisin^ ;i tk'Ic'Ll;ihlo marker 
ciicapsiilaUHl hy a naiio-^'iKapsiilalL' Lniii\ emnnrisiii^ carhon. 

2. A inclluui tor lahciiiiiL^ a niacromukxaik* v\*iih a (k'tcctahle marker, which mcihcni 
5 comprises coniaclini!. saiti macromokcnk* \siih reagent lor use in lalK'Ming 

macromoIecuk\s, ci>mprisiny a tkMcclahk* marker eiieapsulaietl hy a nano-eneapsulalc 
enlily comprising carhon wherchy ihe reageni binds lo the macromokx'ule lo form a 
reagent: macromokxHile compkvx . 

3. The method of chtim 2 turther comprising detecting the reagent macromoleciile 
10 complex by (kMeciing the ckMectal-jk* marker. 

4. A method l\ir labelling a biological maci\>molecule in a j^alieni, wiiich metluxl 
comprises administering to the patient, an elTective amount of reagent for use in labelling 
macromolecules. comprising a delectable marker encapsulated by a nano-encapsulaie 
enlily ct^mprising carbon. 

i5 5, A method for delecting the presence of a macromolecule in a source, which 

method comprises contacting the source with a reagent for use in labelling 
macromolecules, comprising a detectable marker encapsulated by a nano-encapsulaie 
entity comprising carbon, said leageni being capable of forming a complex with said 
macromolecule if present, and delecting for the presence or otherwise of a 

20 macromolecule:reagent complex wherein presence of a macromolecule: reagent complex is 
indicative thai the macromolecule is present in the source and absence of 
macromoleculeireagent complex is indicative that the macromolecule is not present in the 
source. 

6. The reagent of claim I in the form of an injectable composition containing a 
25 suitable carrier. 

7. The reagent of claim 6 wherein the carrier is saline and the detectable label is 
present in an amount oi less than lOOng 

8. The reagent o\' claim I wherein the detectable marker is a marker detectable by 
radi(K:hemical lechnicjues. or by maL?neiic resonance imaging or by visual methods. 

30 9. The reagent of claim I wherein the detectable marker is a radionuclide selected from 
the group consisting of * ' 'in with a half-life of 2.H days, *^^Cla, ^^Cia, ^^'^^Tc. 
10. The reagent tH' claim I wherein the detectable marker is a visually detectable 
marker. 
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Bone hreakagos are lolUnved hy a cieposiiion of fihrin. In pariiciilai\ hairline fractures 
are ol'ien ciilTicult lo distinguish and diagnose. 1'he propensity of the carbon nano- 
encapsuhites to bind to fibrin provides another apj^hcation as a label for bone fractures 
and therefore a frontline bi)ne scan. 

5 l^xainplo 25 

Rinding to soliihli' ril)rin. 

High afllnity binding of ThronihoTrace to soluble fibrin can be used as a basis for a 
diagnostic test for soluble Hbrin which is reportedly a marker for cardiovascular disease 
and cancer among other diseases, eg Rredbacka ef aL (1994 a & 1994 b), Ginsberg cf 
10 aL (1995). Ciinsberg a al. (1996), Iversen cf a/. (1995), Nakagawa aL (1994), 
Shaukai ci aL (1995). nxjx-rinienial data .set out in Example 15 demonstrates the 
binding of TlironjhoTracc to soluble fibrin. 

I^^xainplo 26 
Diagnostic kit lor soliihle fihriii. 

15 Soluble fibrin bound particles are isolated and a suitable monoclonal antibody specific 
for soluble fibrin is attached to the soluble fibrin. An ELISA a.ssay is then developed to 
specifically detect the quaniiiy of the soluble fibrin in plasma. 

Colloidal gi>ld may be incorporated into these particles in order to strengthen the 
integrity of particles and increase the mass, thus increasing the sensitivity of the 

20 immunogold assay. 

The affinity of the particles to soluble fibrin can then be used to detect the 
quantity of soluble fibrin again by utilising the immunogold type technique. 
Alternatively, it may be |)osstl)le that the aggregation of particles caused when they bind 
to soluble fibrin may be used as the method of detection as these particles may exhibit a 

25 subtle colour change because of the aggregation or difference in light scattering. 

F.xainple 27 

Targetiii^i Specific I)i u;is, 
A novel use for the nano-pariicles is the coupling of anticoagulant drugs or clot specific 
drugs to the carln^n shell. This can be eslabjished by the fimctionali.saiion of the carbon 
30 by amination or hydroxylation. Tliese procedures will be accomplished using a 
radiolVequency plasma field. Once fimctionalised these particles will then be coupled to 
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11. TIk' ivaycnl ikcdrtliiiL:, \n Llaiiii 10. wiu'ivin the Uckviahlc marker is a visually 
(Iclcclahk- i.(ilh>iil. 

12. 'I'hc rL'aLiL'iil Dfclaiin I I Nvhcrcin ihc ck*kv!al)lL* marker is colloidal g(^l(l. 

13. The reaycii! ol claim 1 \^•lK•rein iIk* ik'lcclahlc marker is a maL^nctic resonance 
5 imayin*; marker. 

14. The reayeni of claim 1.^ w herein Ihe tlelectal^le marker is CicL 

15. The method of any one of claims 2 lo .*S wherein the reagent is in the form of an 
injeclahle compcvsiiion comaining a suilahte carrier. 

16. The method of any one of claims 2 lo .S wherein ihe delectable marker is a marker 
lo detectable by radiochemical lechnicjues. or by ma^inetic resonance imaging or by visual 

methods. 

17. The method of any one of claims 2 to 5 wherein the detectable marker is a 

radionuclide selected from the group consisting of '^'in with a half-lite of 2.8 days, 

67^, 68^, , 00m,,, 
Cia. Cia. and I c, 

15 18. The meiluxl of any one of claims 2 to 5 wherein the detectable marker is a magnetic 
resonance imaging marker. 

19. The method of any one of claims 2 to 5 wiierein the detectable marker is a 
magnetic resonance imaging marker and is C.id. 

20. The method of any one of claims 2 to ."S wherein the macromolecule is a protein. 
20 21. The method of any one of claims 2 to 5 wherein the macromolecule is fibrin. 

22. The method o\ any one of claims 2 lo ."S wherein the detectable marker is a visually 
detectable marker. 

23. The method of any one of claims 2 to wiierein the detectable marker is a visually 
detectable colloid. 

25 24. The method of any one of claims 2 to wherein tlie detectable marker is colloidal 
gold. 
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drug molecules usiny C(>nimcrci;i! I y availahic kits. In faci one anticoagulant already 
available is hioiinylaled heparin which can then he coupled to the carbon shell. 

Coupling to a drtig is rollowed hy stripwell tests to ensure binding to fibrin is not 
disrupted. The.se tests also show the etYectivencss of the.se drugs when bound to the 
carbon. These coupled particles are then injected into an animal. The first injections 
are with radioactive tecliniiiuin based particles which enables detection and further 
describes the kinetics of dissolution of the clots. If particles are coupled with tissue 
plasminogen activator for example, liiis indicates a rapid dissolution of the clot, if the 
particles are heparin coupled these experiments will provide ample evidence that the 
heparin is in fact delivered to the^siie it is required. This is one major disadvantage of 
heparin usage at the moment. 

Industi ial Ap|)licahilit y 

It should be clear that the methods of detection of this invention will find 
wide use in the medical and veterinary fields. 

The foregoing de.scribes only .some embodiments of the present invention and 
modifications obvious to tho.se skilled in the art can be made thereto without departing 
from the scope of the invention. 
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AKS I KAC; r 

A iv;ii:cni lor use in l;ilx*llinL' in:n. rttmokx uk's. c(iin|irisini! a dctcclat^k' marker 
cnca|v^ulaU'U hv a nani>*c!Ka|)M!laU- Liuiiv ci^inprisiiii!. carh(ni is disclosed. AIs(^ disch)sc(l 
arc methods ol' making aiul usiiii: ihc r(.'ai.\ciii , 
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CLAIMS 

1. A reaycnl tor use in lahclliny inacroinolccules, comprising a cleieciahle marker 
encapsulated by a nano-encapsiilaie entity comprising carbon. 

2. A method for labelling a macromoleciite with a detectable marker, wliich method 
comprises contacting said macromolecule with reagent for use in labelling 
macromolecules, comprising a delectable marker encapsulated by a nano-encapsulate 
entity comprising carbon whereby the reagent binds to the macromolecule to form a 
reagent: macromolecide complex. 

3. The method of claim 2 fiunher comprising detecting the reagent macromolecule 
complex by detecting the detectable marker. 

4. A method for labelling a biological macromolecule in a patient, which method 
comprises administering to the patient, an effective amount of reagent for use in 
labelling macromoiecules, comprising a detectable marker encapsulated by a nano- 
encapsulate entity comj-jrising cariion. 

^5. A method for delecting the presence of a macromolecule in a source, which 

method comprises contacting the source with a reagent for use in labelling 
macromolecules, comjMMsing a delectable marker encapsulated by a nano-encapsulate 
entity comprising carbon, said reagent being capable of forming a complex with said 
macromolecule if present, and detecting for the pre.sence or otherwise of a 
macromolecule; reagent com|^lex wherein presence of a macromolecule: reagent complex 
is indicative that the macromolecule is present in the source and absence of 
macromolecule: reagent complex is indicative that the macromolecule is not present in 
the source. 

6. The reagent of claim I in the form of an injectable compcrsition containing a 
suitable carrier, 

7. The reagent of claim 6 wherein the carrier is saline and the delectable label is 
present in an amount of less than lOOng 

8. The reagent of claim I wherein the deieclable marker is a marker detectable by 
radiochemical lechnicjues, or l)y magnetic resonance imaging or by visual metluxls. 

9. The reagent of claim I wherein the detectable marker is a radiiMiuclide selected 
from the group consisting of ' ' 'in with a half-life of 2.8 days, *^^Cia, ^^'^(ia, ^^"^'^^'ic. 

10. The reagent of claim I wherein the delectable marker is a visually detectable 
marker. 
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11. The ivaiiL'iu according io claim 10, wherein the delectable marker is a visually 
deteclal)le colloid. 

12. The reagent of claim I I wherein the detectable marker is colloidal gold. 

13. The reagent of claim I wherein the detectable marker is a magnetic resonance 
imaging marker. 

14. The reagent of claim 13 wherein the detectable marker is Gd. 

15. The method of any one of claims 2 to 5 wherein the reagent is in the form of an 
injectable composition containing a suitable carrier. 

16. The method of any one of claims 2 to 5 wherein the detectable marker is a marker 
detectable by radiochemical techniques, or by magnetic resonance imaging or by visual 
methods. 

17. The method of any one of claims 2 to 5 wherein the delectable marker is a 

radionuclide selected from the group consisting of 'fn with a half-life of 2.8 days, 

67^ 68.. , 99m,,, 
Ga, Ga. and I c. 

18. The method of any one of claims 2 to 5 wherein the detectable marker is 'a 
magnetic resonance imaging marker. 

19. The method of any one of claims 2 to 5 wherein the detectable marker is a 
magnetic resonance imaging marker and is Cid. 

20. The method of any one of claims 2 to 5 wherein the macromolecule is a protein. 

21. The method of any one i>f claims 2 to 5 wherein the macromolecule is fibrin. 

22. The method of any one of claims 2 to 5 wherein the detectable marker is a 
visually delectable marker. 

23. The method of any one of claims 2 to 5, wherein the detectable marker is a 
visually deieciable colloid. 

24. The method of any one of claims 2 to 5 wherein the detectable marker is colloidal 
gold. 
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Alts IK AC I 

A reagent lor use in iabelliny inaeamuilecules, coniprisiny a cleleciahle marker 
encapsulated l\v a nano-encapsulale entity amiprising carbon is disclosed. Also 
disclosed are nieihods ol' making and using the reagent. 
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Fig. 3 The accuniulalion of radioactivity in the intramural clot in an artificial circuit. 
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Fi<4, 7 Inlaying ol'a clot in ihc cal Icnioral vein. 
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IMAGING OF A CLOT IN THE CAT FEMORAL VEIN. 
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IMAGING OF A CLOT IN RABBIT PULMINARY 
VASCULATURE. 
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